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SOME STUDIES OF THE TENDERING 
OF SULFUR BLACK DYED COTTON 
I INTRODUCTION 
Sulfur blacks are the cheapest black dyes available 
that dye cotton shades fast to both light and washing. One 
great drawback to the use of sulfur black is the tendering 
of the cotton due to the formation of sulfuric acid on 
storing. 
II OBJECT 
The object of this research is to find the optimum 
conditions of dyeing to prevent the tendering of sulfur 
black dyed cotton and some method of pretreatment or after-
treatment which might tend to prevent the tendering of 
sulfur black dyed cotton. 
III REVIEW OF THE LITERATURE 
The first sulfur black was prepared by Vidal in 
1893 by heating p-aminophenol with sodium sulfide. 1  Since 
that time many sulfur black dyes have been made by the 
fusion of sulfur with various organic compounds, the sub- 
'French Patent 231188 of July 1, 1893; English 
Patent 13093/96. 
1 
sequent extraction of the crude melt with caustic alkalis, 
and finally precipitating the dyestuff with acid or some 
other precipitant. 
The exact chemical structure of sulfur black is 
not known. Vidal Black has been assumed to have the 
following structure: 2 
VIDAL BLACK ? 
It must be emphasized, however, that the above 
formula for sulfur dyes is unsupported by experimental 
evidence. 
Tozo Kubota 3 found that the treatment of 2,4-di-
aminophenol with sodium polysulfide gave a black sulfur 
dye whose constitution could best be represented by the 
formula: 
2
Georgievics, G. V. and Grandmougin, E., A Text- 
Book of Dze Chemistry, (Scott, Greenwood, and Son, 1920), 
p, 496, 
3
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The above formula is also devoid of a complete 
experimental proof. 
When the intermediate and sodium polysulfide are 
fused, it is thought that mercaptan groups are introduced 
in the ortho position to any amino or hydroxyl groups 
which may be present, or they may displace any labile 
substituents, such as halogens. Ring formation occurs, 
when possible, leading to the formation of thiophenyl-
















To some extent, these ring systems form the stable 
nuclei of the sulfur colors, while those mercaptan groups 
that remain unchanged determine the solubility of the dyes 
in alkali. It is also possible for several of the nuclear 
4Georgievics, G.V.and Grandmougin, E.A., A Text-
Book of Dye Chemistry, (Scott, Greenwood, and Son, 1920), 
p.499. 
4 
molecules to become united by disulfide or polysulfide 
groups which may then link up afresh in some other sulfide 
groups which may then link up anew in some other position. 
The following method of testing the tendering of 
sulfur blacks has been in use since January 1907 and has 
5 
been found to give reliable results. 
Dyed samples of equal depth are heated in an oven 
at 140
oC. for one hour. The skeins are then taken out 
and allowed to hang in an atmosphere of constant humidity 
at constant temperature until they have regained their 
normal moisture content. They are then reheated for a 
further hour to 140
o
C„ taken out, and tested. In every 
test a blank experiment should be made with undyed cotton 
yarn; this should be heated at the same time in order to 
make certain that no tendering of the cotton is caused 
by the high temperature alone. 
It is essential to carry out the work in the manner 
described because the moisture of the atmosphere plays a 
definite part in helping the tendering. 
The progressive rate of tendering is indicated in 
the following table, and shows the action of temperature 
in promoting tendering. The same strength dyeing exposed 
to the given temperatures took the stated lengths of time 
5Zanker, W. and Weyrich, P., "Judging the Soundness 
and Permanency on Storing of Sulfur Black Dyeings," Farber-
Ztg. 24,479-82 (1913). 
to reach the same state of tendering. 
Table I The Action of Temperature in promoting Tendering 
Ordinary Room Temperature 0* I* years. 
40° 50° Cip 	0* 	*0 	Oil 	*0 0 0 10 months. 
60 ° C. * IP O. 4# 0 * lb 0* 4 months. 
sec. • • • • • • • • • 0 1 month. 
100°C. • • • • • • • • • • 72 hours. 
120o C. • • • • • • • • • • 31 hours. 
140°C. • • 0 • • 0 • • • • 2 hours. 
160°C. • • • • • • • • • • 1* hours. 
In every case free sulfuric acid could be found in 
the cotton. The sulfuric acid did not arise from any 
free sulfur which may have been associated with the fiber, 
because all yarns before testing were extracted with 
carbon disulfide in order to remove all the free sulfur. 
Zanker6 has shown that all of the sulfur in a sulfur 
black is not converted to sulfuric acid during the tendering. 
He found that after removal of any free sulfur by extraction 
with carbon disulfide, 20-25 per cent of the sulfur in a 
sulfur dyestuff exists in a chemically active and easily 
oxidized form, and is present on the fiber in the same 
form. Owing to its very fine state of division in the 
cellulose fiber it is easily oxidized and causes the ten-
dering. The remaining 80 per cent of the sulfur can only 
be oxidized to sulfuric acid by strong treatment when the 
dyestuff is completely destroyed. In order to prevent a 
6Whittaker, C. M., Dyeing with Coal Tar Dyestuffs, 








subsequent conversion of the convertible sulfur on the 
fiber into sulfuric acid, experiments were carried out 
to oxidize this sulfur before dyeing. All experiments, 
however, showed that dyestuffs which were treated in this 
way lost the greatest part of their valuable dyeing pro-
perties. 
It appears that sulfur in sulfur blacks is present 
in three forms: 
1. Mechanically free sulfur, which may be extracted 
with carbon disulfide. 
2. Easily oxidizable, chemically active sulfur, 
which, by heating the dry dyestuff of the actual dyeing 
in the presence of air, is easily converted into sulfuric 
acid. This quantity amounts to 20-25 per cent of the 
sulfur contents. 
3. Firmly combined or stable sulfur, only oxidizable 
by strong oxidizing agents, which entails the complete 
destruction of the dyestuff. This quantity amounts to 
50-75 per cent of the total sulfur contents. 
It was noticed during these experiments that if the 
least trace of heavy metals, such as iron, was present, 
the easily oxidizable sulfur was converted into sulfuric 
acid by only one heating to 140°C. 
The work of Zanker has been confirmed by a number 
of experimenters. A series of experiments by Gardner and 
Hodgson7 show that the tendering of cotton dyed with 
sulfide blacks is due to the developement of sulfuric 
acid. They showed that finely divided sulfur itself can 
be oxidized to sulfuric acid by heating in air. Traces 
of copper sulfate, ferrous sulfate, and potassium chlorate 
accelerated tendering. Cloth extracted with, ether (car-
bon disulfide gave discordant results) also tendered due 
to a breaking down of the sulfur black molecule itself. 
An attempt to eliminate tendering by inducing rapid ox-
idation in the presence of water was unsuccessful. 
Tozo Kubata
8 heated dyed yarns for 50, 100, 150, 
and 250 hours at 100 °C. in air. The fresh and heated 
yarns were extracted with ether and water and mechanical 
adhering sulfur, free sulfuric acid, and total sulfate 
were determined. The developement of sulfuric acid was 
found to be due to oxidation of the dyestuff itself; not 
adhering sulfur. Permanency in storing is secured if free 
acid is under 0.01 per cent and sulfate under 0.1 per cent. 
Aftertreatment to prevent tendering of sulfur black dyeings, 
were made with soap to remove the excess acid and secure 
7Walter M. Gardner and Herbert H. Hodgson, "The 
Developement of Sulfuric Acid from sulfide Dyestuffs and 
from free sulfur." J. Am. Chem. Soc. 29, 672-7 (1910). 
8Tozo Kubata, "Tendering of Cotton Yarns dyed with 
Sulfur Blacks. II The development of sulfuric acid on 
sulfide black dyeings." J. Soc. Chem. Ind. (Japan), 35, 





permanency. No evidence was obtained either of prevention 
of oxidation by soap film or of catalytic hastening 
of oxidation by the soap alkalis. 
There have been only a few methods proposed for the 
prevention of tendering, none of which has proven entirely 
successful. Most of these were in the form of an after-
treatment. 
Aftertreatments proposed for the prevention of ten-
dering of sulfur black dyed materials usually falls into 
one of the following three classes: 
1. Alkaline or acid neutralizing agents, such as 
sodium acetate, sodium carbonate, sodium sulfide, magne-
sium hydroxide, tannic acid and calcium hydroxide, or 
sodium peroxide and sodium carbonate. 
2. Oxidizing agents such as sodium peroxide or a 
mixture of sodium dichromate and acetic acid. 
3. Reducing agents such as glucose. 
Hathorne
9 
tried varying the composition of the 
dye bath in respect to its content of sodium sulfide, 
sodium carbonate, sodium chloride, and sodium hydroxide. 
This had no appreciable effect on the tendering of the 
dyed samples. 
Dyed Fabrics and Certain Well-known Aftertreatments," 
Melliand Textile Monthly, 4, 622(1933). 
9
Hathorne, B.L., "Effect of Ageing on Sulfur Black 
9 
IV EXPERIMENTAL 
The experimental part of this thesis is divided into 
three parts: (1) testing Zanker's method of producing ten-
dering, (2) the effect of varying the components of the dye 
bath upon tendering, and (3) decreasing tendering by pre-
treatment and aftertreatment. 
For the sake of clarity, some of the experiments 
are listed under two heads, because more than one conclusion 
could be drawn from their results. 
All dyeings, unless otherwise noted, were made as 
follows, using ten gram skeins: 
10.0 per cent dye. 
10.0 ml. of 10% sodium sulfide. 
5.0 ml. of 10% sodium carbonate. 
30.0 ml. of water. 
Allow the sample to simmer for three minutes on a 
hot plate, 150 ml. of boiling water is added, and put on a 
boiling water bath. Enter skein (which has been well wet 
out with hot water and Decerasol OT) and run 15 minutes. 
Add 15 ml. of a 20 per cent solution of sodium chloride 
and run for 45 minutes. This makes one hour in all. 
Squeeze skein through wringer, air oxidize three minutes, 
and then rinse with cold water, hot water, and finally with 
cold water again. The yarn is then squeezed and dried. 
The tensile strength of the yarn was measured, before 
and after tendering, on either a Suter Single Strand Breaking 
Machine or a Scott Skein Breaking Machine. The tensile 
10 
strength tests were made in a conditioning room kept con-
stantly at 70°F. and 65 per cent relative humidity. Unless 
otherwise noted, the tensile strength was taken as an aver-
age of forty single strand breaks or where skein breaks were 
made, an average of ten skein breaks was used. This is the 
number of breaks specified by the American Society for 
Testing Materials. 10 
All pH determinations were made on a Beckman pH 
Meter 
I TESTING TENDERING 
The following experiments were designed to see if 
Zanker's method for testing the tendering of sulfur black 
dyed cotton gives consistent results and is suitable for 
this research. 
Experiment I  
Purpose: To find the amount of tendering that is to 
be expected from ten per cent dyeings of sulfur black. 
Procedure: Ten per cent dyeings were made on six 
skeins of No. 22/2 cotton yarn (#1-6, incl.). #1 was dyed 
with National Sulfur Black BG Hi Conc. (National Aniline 
Co.). #2 was dyed with National Sulfur Black R 150% (Nat. 
A. Co.). #3 was dyed with Calcogene Black 5GCF (Calco 
Chemical Co.) and #4 with Calcogene Black 3RCF (Calco). 
10A.S.T.M. Standards, Part III, Nonmetalic Materials, 
A.S.T.M. Designation: D180-37, p.414 (1939). 
1 1 
#5 was dyed with Sulfogene Carbon MCF (Du Pont) and #6 with 
Sulfogene Carbon HCF (Du Pont). #7 and #8 are blanks of 
white yarn treated with sodium sulfide and sodium carbonate 
just like the dyed yarn. 
To test for tendering, the dyed skeins and white 
blanks were conditioned for four hours at 70 °F. and 65 per 
cent relative humidity, after which the tensile strength 
was determined. The average of twenty single strand breaks 
was taken for the tensile strength. The samples were then 
heated for one hour in an Emerson Conditioning at 140 °C. 
The skeins were taken out and allowed to condition for one 
hour at 70°F. and 65 per cent relative humidity. They were 
then heated for a further hour at 140 00. 0 removed from oven, 
conditioned four hours, and the tensile strength determined. 
The loss in tensile strength due to baking test is the 
amount of tendering, and the amount of tendering divided 
by the original tensile strength, multiplied by 100, is the 
per cent tendering. 
Results: 	 % Tendering  
#1. 10,0% Nat. Sulfur Black BG Hi Conc. .. .. 45.01 
#2. 10.0% Nat. Sulfur Black R 150% 	., •0 .. 12.94 
#3. 10.0% Calcogene Black 5GCF .. .. .. .. 16.66 
#4. 10.0% Calcogene Black 3RCF .. 	.. .. .. 13.62 
#5. 10.0% Sulfogene Carbon MCF G . .. 4.. .. 	5.21 
#6. 10.0% Sulfogene Carbon HCF .. 	.. .. .. 22.92 
#7. Blank 0. 	.. 	.0 	.. 	.. 	4.. .. 	.. 	.. 	0.00 
#8. Blank •• • • •• . • •• • • 	• • • • .. 0.00 
Conclusions: From the results, it is shown that 
Zanker's method produces tendering. Either the different 




• • • • 	• • 0 • • • • • 
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dering, or the above method of tendering does not give 
consistent results. 
Experiment II  
Purpose: To see if the method of testing tendering 
used in Experiment I produces consistent results. 
Procedure: Beaker dyeings were made on six skeins of 
No. 22/2 cotton yarn using 10 per cent Calcogene Black 5GCF 
(#9-14, incl.). These dyeings were tendered and tested as 
in Experiment I. 
Results:  
# 9. 10% Calcogene Black 5GCF .. 
#10. 	0 	n 	n 	n 
#11• " n n n •• 
#12. 	" 	ft 	 " 	$ • • 
#13. " ff 	 * 	* 41■ 0 
#14. ft n 0 n •• 
#15. Blank . 
Tendering 
0 • 	• • 
• • • .. 20.72 
•• 	.. 18.04 
.. 14.98 
•• .• 15.22 
•• 15.09 
•• •• 12.37 
•• • • 	0.00 
• • 	• • 
Conclusions: These results seem to be fairly con-
sistent, although there is a difference of 8.35 per cent 
between #9 and #14. 
Experiment III  
Purpose: The purpose of this experiment is to repeat 
Experiment II to see if the same results are obtained. 
Procedure: Same as in Experiment II. 
Results:  
#16. 10% Calcogene Black 5GCF .. 
#17. " 	" 	n 	to •• 
#18. n If n It 
" 	n n 	9 	
• • 
#19. O. 
#20. " n 	n n •• 
#21, 	ft 	 ft 	 ft 	ft 
#22. Blank.. .. .. .. .4, 	.0 
Tendering 









Conclusions: The results of this experiment are not 
consistent. Since the dyeings are all of the same strength 
and dyed the same way, it was expected that they would all 
tender about the same amount. The white blank, #22, 
tendered due to excessive heat. This experiment is to 
be repeated. 
Experiment IV  
Purpose: To repeat Experiments II and III to see if 
more consistent results can be obtained. 
Procedure: Same as in Rxperiment II. 
Results: 
#23„ 10% Calcogene Black 5GCF .. 
#24. " 	0 	I t 	tt .4, 
#25. " " if tf • • 
#26. " 	" 	ft 	" 	*a 
#27. tf ff fl ft • • 
#28. 	" 	 11 	ff 	fl • • 
#29, Blank ,, .. .. 0. 0. .. 
% Tendering 
.0 	52,59 
.0 .. 0. 10.47 
.0 .. 0. 44.65 
.. .0 0* 14,04 
.0 .. .. 33,01 
.. *0 .• 25.39 
.. 0. „ 0.00 
Conclusions: These results are not consistent. 
Experiment V  
Purpose: It is a well known fact that metalic salts 
accelerate the tendering of sulfur black. Since the above 
dyeings were made with commercial sodium sulfide and sodium 
carbonate, there is a possibility that foreign substances 
are getting on the dyeings in varying amounts and causing 
the variation in results. Chemically pure reagents were 
used in this experiment to avoid contamination by metallic 
salts and to obtain consistent results. 
Procedure: Beaker dyeings were made on six skeins of 
14 
No. 22/2 cotton yarn using 10% Calcogene Black 5GCF (#30-35, 
incl.). These dyeings were made using c.p. sodium sulfide, 
sodium carbonate, and sodium chloride. Freshly distilled 
water was used. #36 is a blank of white yarn treated with 
sodium sulfide and sodium carbonate as the dyed yarn. 
Tendering was produced and tested as in Experiment I. 
Results: 	 % Tendering  
#30. 10% Calcogene Black 5GCF .. .. .. .. 27.94 
#31. •• 	a, * 	.. 	o• 	0.00 
#32. tr 	 ft 	It or* 	•5 oo 	ow 	0.00 
#33. tt •o 	o• 	•• •• 21049 
#34• 	tt 	 tt 	 n 	ft o • • • • • 	• • 	124,46 
#35 • Blank •• •. 0• 0. •• 0• 	 •. 0.75 
Conclusions: Dyeing the skeins with chemically 
pure reagents did not produce consistent results. 
Experiment VI  
Purpose: It was thought that the variation in results 
might be due to the fact that in previous experiments, each 
dyeing was made in a seperate beaker. In this experiment 
all of the dyeings were made at one time in the same beaker. 
Procedure: Dyeings were made on four skeins of 
No. 22/2 cotton yarn using 10% Calcogene Black 5GCF (#36-39, 
incl.). The dyeings were made together in one beaker using 
c.p. chemicals and freshly distilled water. The same liquid 
ratio and procedure was used as in previous dyeings. #40 is 
a blank of white yarn treated with sodium sulfide and sodium 
carbonate as the dyed yarn. 
Tendering was produced and tested in the same manner 
as in Experiment I. 
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Results: 	 % Tendering 
#36. 10% Calcogene Black 5GCF .. • • .. 10.36 
#37. " 	0 	tt 	ti •• so os 43.60 
#38, 	" n ti ti .. •• .. 10.11 
#39. n 	n 	tt 	tt so Ss .. 60.00 
#40. Blank .. .. .. •• 0. .. 0• .. 	2.24 
Conclusions: The variation in results is not due to 
impurities in the reagents. 
Experiment VII  
Purpose: The Emerson Conditioning Oven is a large 
oven. It may be that the temperature is not uniform over 
the whole oven, thus causing variations in the tendering. 
In this experiment a "Fisher Junior Drying Oven" was used 
to bake the samples in an effort to obtain consistent results. 
Procedure: Beaker dyeings were made on five skeins 
of No. 22/2 cotton yarn using 10 per cent Calcogene Black 5GCF 
(#41-45, incl.). #46 is a blank of white yarn treated with 
sodium sulfide and sodium carbonate as the dyed yarn. 
To test for tendering, the dyed skeins and white 
blank were conditioned for four hours at 70 °F. and 65 per 
cent R,H„ after which the tensile strength was determined. 
The average of fifty single strand breaks was taken for the 
tensile strength. The samples were then heated for two 
hours in a Fisher Junior Oven at 130 °C. The skeins were 
taken out and allowed to condition over night, and then the 
tensile strength determined again. The loss in tensile 
strength due to baking test is the amount of tendering and 
the amount of tendering divided by the original tensile 
strength, multiplied by 100, is the per cent tendering. 
Results: 	 % Tendering 
#41. 10% Calcogene Black 5GCF .. 
#42. " 	" 	tt 	0 • a 
#43. 	0 ft 0 	0 • • 
#44. u u u ft 00 
#45. " 	u 	ft 	0 • • 









Conclusions: Consistent results are not obtained 
using a Fisher Junior Drying Oven. 
Experiment VIII  
Purpose: It was still thought that the variation in 
results was due to a variation in temperature from side to 
side in the oven. A special oven was constructed to bake 
the samples. Precautions were taken in constructing this 
oven so that a constant temperature would be maintained 
through out the oven. Samples were tested in this oven 
to see if consistent results were obtainable. 
Procedure: The oven constructed is a metal lined 
oven with inside dimensions of 12" x lli" x 18", It is 
insulated with rock wool (one inch thick). The oven is 
electrically heated by four 600 watt heating elements, a 
constant temperature being maintained by a DeKhotinsky Bi-
metal Thermoregulator. The oven maintains a constant tem-
perature of plus or minus 0,5 °C. at the baking temperature 
of 130°C, A wooden frame was constructed to fit into the 
oven suitable for holding about 50 ten gram skeins. 
The oven was placed in the conditioning room, which 
is held constantly at 70 °F. and 65% R.H., because it was 
17 
felt that the uniformity of the atmosphere in the oven 
would play an important part in securing uniform results in 
tendering. 
Dyeings were made on four skeins of No. 20/s cotton 
yarn using 10% Caleogene Black 5GCF (#47-50, incl.). #49 
and #50 were aftertreated with 5 per cent meta tolulene di-
amine (See Experiment XVIII). #51 and #52 are blanks of 
white yarn treated with sodium sulfide and sodium carbonate 
as the dyed yarn. 
To test for tendering, the dyed skeins and white 
blank were conditioned for four hours at 70 °F. and 65 per 
cent R.H., after which the tensile strength was determined. 
The average of fifty single strand breaks was taken for the 
tensile strength. The samples were then heated for two 
hours in the new oven at 130
o
C. The skeins were taken out 
and allowed to condition over night, and then the tensile 
strength determined again. The loss in tensile strength due 
to baking is the amount of tendering and the amount of 
tendering divided by the original tensile strength, mult-
iplied by 100, is the per cent tendering. 
Result: 	 $ Tendering 
#47. 10% Caleogene Black 5GCF „ .. 	.. 33.42 
#48. 10% Caleogene Black 5GCF 	 33.20 
#49, Same aftertreated with M.T.D. „ •• „ 14.63 
#50. Same aftertreated with M.T.D.. 	 6.81 
#51, Blank .. „ „ 	 G. 	.* „ 	6.58 
#52. Blank *. 	 G. G. 	0.37 
Conclusions: #47 and #48 appear to have tendered 
about the same amount, but there is a good deal of vari- 
18 
ation between the other dyeings. 
Experiment IX 
Purpose: The purpose of this experiment is to see 
if skein breaks will give more consistent results than 
single strand breaks in measuring the amount of tendering. 
Procedure: The dyeings used in this experiment were 
made in the laboratory of the Calco Chemical Co. at Char-
lotte, N.C. on a one pound package machine. #53 and #54 
are regular dyeings using 10 per cent Calcogene Black 5GCF. 
#55 and #56 were dyed in the same manner except that Cerelose 
was substituted for sodium sulfide (See Experiment XII). 
#57 and #58 are blanks of white yarn treated with sodium 
sulfide and sodium carbonate as the dyed yarn. 
Although the dyeings were made at Charlotte, the 
tendering tests were made at Georgia School of Technology. 
Tendering was produced and measured as in Experiment VIII 
except skein breaks were used to determine the tensile 
strength instead of single strand breaks. The tensile 
strength was taken to be an average of ten skein breaks. 
Results: 
#53. 10% Calcogene Black 5GCF 
#54. 10% Calcogene Black 5GCF 
#55. Same using Cerelose 
#56. Same using Cerelose .„. 
#57. Blank 	 0. 
#58. Blank .. .• 
. . 	. . 
.. 	 .. 
•• 0 • 
O • 	• • 
.. 0 • 








Conclusions: Consistent results were obtained 
using the new oven and skein breaks. 
19 
Experiment X  
Purpose: To show further that consistent results 
are being obtained from the new oven. Although skein 
breaks were used in Experiment IX, single strand breaks 
were used in this and the following experiments because 
of the time saved in dyeing one skein instead of ten. 
Procedure: Beaker dyeings were made on four skeins 
of No. 22/2 cotton yarn using 10 per cent Calcogene Black 
5GCF (#59-62, incl.). These dyeings were made in the 
regular manner, except the dye in #59 and #60 was reduced 
for three minutes at the boil and the dye in #61 and #62 
was reduced for 30 minutes at the boil. (See Experiment 
XIII). #63 and #64 are blanks of white yarn treated with 
sodium sulfide and sodium carbonate as the dyed yarn. 
The amount of tendering was determined as in Exper-
iment VIII. 
Results: 	 % Tendering  
#59. Reduced 3 minutes at a boil 	 .. 17.60 
#60. Reduced 3 minutes at a boil .. • • .. 13.61 
#61. Reduced 30 minutes at a boil 	.. 	13.51 
#62. Reduced 30 minutes at a boil .. 14.61 
#63, Blank 	 4,, 	0.00 
#64. Blank .. 0.00 
Conclusions: Consistent results are being obtained. 
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II THE EFFECT OF VARYING THE COMPONENTS 
OF THE DYE BATH UPON TENDERING 
Experiment XI  
Purpose: To determine the effect of sodium carbonate, 
monosodium phosphate, and sodium hydroxide upon tendering. 
Procedure: Beaker dyeings were made on four skeins 
of No. 22/2 cotton yarn using 10% National Sulfur Black BG 
Hi Conc. (#65-68, incl.). #65 is a regular 10% dyeing. #66 
was dyed in the regular manner except no sodium carbonate 
was used. Five per cent of monosodium phosphate was added 
to the dye bath of #67 after 15 minutes of dyeing. In 
dyeing #67, 5% of sodium hydroxide was used instead of the 
usual sodium carbonate. #68 is a blank of white yarn treated 
with sodium sulfide and sodium carbonate as the dyed yarn. 
The amount of tendering was determined as in Exper-
iment 1 9 
Results: 	 g Tendering 
#65. 10% National Sulfur Black BG Hi Conc. 
#66, Same as #65, but no Na CO33 used 	.0 
#67. Same as #65, but 5% Nang% added ,. 
#68. As #65 using NaOH for Na 2CO3 
• .. 47,94 
• „„ 47.95 
43.12 
48.65 
2.73 #69. Blank 00 •• •• 	•• •• •• •• 
Conclusions: (1) If sodium carbonate is left out 
of the dyebath, it does not effect tendering. 
(2) The addition of 5 per cent monosodium phosphate 
to the dyebath does not effect tendering. 
(3) Sodium hydroxide can be substituted for sodium 
carbonate in the dyebath and it does not effect tendering. 
21 
Experiment XII  
Purpose: To observe the effect upon tendering when 
sodium sulfide is replaced by cerelose in the dyebath. 
Procedure: The dyeings used in this experiment were 
made in the laboratory of the Calco Chemical Co., CharlOtte, 
N.C. on a one pound package machine. #53 and #54 were 
dyed in the regular manner using 10 per cent Calcogene 
Black 5GCF. #55 and #56 were dyed in the same manner ex-
cept that 10 per cent cerelose was substituted for the 
sodium sulfide in the dyebath. #57 and #58 are blanks of 
white yarn treated with sodium sulfide and sodium carbonate 
as the dyed yarn. 
Tendering was produced and measured as in Experiment 
VIII, except skein breaks were used to determine the tensile 
strength instead of single strand breaks. The tensile 
strength was taken to be an average of ten skein breaks. 
The tendering tests were made at Georgia School of Tech-
nology. 
Results: 	 % Tendering  
#53. 10% Calcogene Black 5GCF 	 21.51 
#54. 10% Calcogene Black 5GCF .. 25.87 
#55. Same using Cerelose instead of Na2S 	24.73 
#56. Same using Cerelose instead of Na 2S 22.14 
#57, Blank .. 	 0. 	 0.00 
#58. Blank O. 	1.74 
Conclusions: The substitution of Cerelose for 
sodium sulfide in the dye bath does not effect the ten-
dering of sulfur black dyed cotton yarn. 
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Experiment XIII  
Purpose: To study the effect of varying the length 
of time of reduction of the dye upon the tendering of the 
resulting dyeing. 
Procedure: Beaker dyeings were made on four skeins 
of No. 22/2 cotton yarn using 10% Calcogene Black 5GCF (#59-
62, incl.). These dyeings were made in the regular manner, 
except the dye in #59 and #60 was reduced for three minutes 
at the boil before the skeins were entered; the dye in #61 
and #62 was reduced for thirty minutes at a boil before the 
skeins were entered. #63 and #64 are blanks of white yarn 
treated with sodium sulfide and sodium carbonate as the 
dyed yarn. 
The amount of tendering was determined as in Exper-
iment VIII using an average of forty single strand breaks 
as the tensile strength. 
Results: 	 % Tendering  
#59. Reduced 3 minutes at a boil .. •• „ 17.60 
#60. Reduced 3 minutes at a boil .. .0 .0 13.61 
#61. Reduced 30 minutes at a boil „ 	,. 13.53 
#62. Reduced 30 minutes at a boil .0 14.16 
#63. Blank 	 .0 0. 0. 0* 0. 	0,00 
#64. Blank 0. 0. 0. 	 0.00 
Conclusions: Varying the length of time of reduc-
tion does not appear to have any appreciable effect on the 
amount of tendering 
Experiment XIV  
Purpose: (1) To confirm the results found in Ex-
periment XI that if sodium carbonate is left out of the 
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dye bath, it does not effect tendering. 
(2) To confirm the results found in Experiment XI 
that sodium carbonate can be replaced by sodium hydroxide 
in the dye bath with out effecting tendering. 
Procedure: Beaker dyeings were made on six skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#70-
75, incl.). #70 and #71 were dyed in the regular manner. 
#72 and #73 were dyed in the regular manner except the 
sodium carbonate was omitted from the dye bath. In dyeings 
#74 and #75 the sodium carbonate was replaced by 1.0% 
sodium hydroxide. #76 and #77 are blanks of white yarn 
treated with sodium sulfide and sodium carbonate as the 
dyed yarn. 
To test for tendering, the dyed skeins and white 
blanks were conditioned for four hours at 70 °F. and 65 per 
cent R.H., after which the tensile strength was determined. 
The average of forty single strand breaks was taken for the 
tensile strength. The samples were then heated for two 
hours in the new oven at 130 °C. The skeins were taken out 
and allowed to condition over night and then the tensile 
strength determined again. The loss in tensile strength due 
to baking is the amount of tendering and the amount of 
tendering divided by the original tensile strength, mult-
iplied by 100, is the per cent tendering. 
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Results; 	 LLIITISELna 
#70. 10% Calcogene Black 5GCF 	 .. 	5.83 
#71. 10% Calcogene Black 5GCF .. 8.07 
#72. Same omitting sodium carbonate 	... 	5.27 
#73. Same omitting sodium carbonate 0. .. 6.46 
#74. Same using 1.0% sodium hydroxide .. 0. 11.02 
#75. Same using 1.0% sodium hydroxide ,. 0. 18.79 
#76. Blank 0. 0. 	00 	0. 	.. 	0.00 
#77. Blank .0 	 0. .. 	.. 0.00 
Conclusions: (1) Omitting sodium carbonate from 
the dye bath does not appear to decrease tendering. 
(2) Replacing sodium carbonate with sodium hydroxide 
does not decrease tendering, but in the above experiment 
appears to accelerate tendering. 
Experiment XV  
Purpose: To study the effect upon tendering when 
tetrasodium pyrophosphate is substituted for sodium car-
bonate in the dye bath. 
Procedure; Beaker dyeings were made on six skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#78-
83, incl.). #78 and #79 were dyed in the regular manner. 
In dyeings #80 and #81 the sodium carbonate was replaced 
by 5.0% tetrasodium pyrophosphate. In dyeings #82 and #83 
the sodium carbonate was replaced by 20,0% tetrasodium 
pyrophosphate. #84 and #85 are blanks of white yarn 
treated with sodium sulfide and sodium carbonate as the 
dyed yarn. 
The amount of tendering was determined as in Exper-
iment XIV, 
25 
Results: % Tendering. 
#78, 10% Calcogene Black 5GCF 	„ 	.0 11.23 
#79. 10% Calcogene Black 5GCF ., 0. .. 10.54 
#80, Same but 5% Na 4P207 in place of Na2CO 3 11,89 
#81. Same as #80 	 .* 	.. es 20.15 
#82. Same as #80, but using 20% Na 4P207 .. 20.80 
#83, Same as #82 	 0. 13.26 
#84. Blank 	*. 	0* 	*0 	00 	00 	00 0.00 
#85. Blank .. 	*0 	*0 	0* 	00 	.. 	00 „ 2.69 
Conclusions: The substitution of tetrasodium pyro-
phosphate for sodium carbonate in the dye bath does not 
reduce tendering. 
III DECREASING TENDERING BY PRETREATMENT 
AND AFTERTREATMENT 
Experiment XVI  
Purpose: To see if aftertreatment with tetrasodium 
pyrophosphate reduces tendering. 
Procedure: Beaker dyeings were made on three skeins 
of No. 22/2 cotton yarn using 10% National Sulfur Black BG 
Hi Conc. (#86-89, incl.). Dyeings #87 and #88 were after-
treated with 20% tetrasodium pyrophosphate by working them 
in a 25-1 bath at 1600F. for twenty minutes. 
The amount of tendering was determined as in Exper-
iment I. 
Results: 
#86. 10% Nat. Sulfur Black BG Hi Conc. 
#87, Same aftertreated with 20% Na 4P207 .* 
#88. Same as #87 	.0 O. ** .. 0* .0 
#89. Blank .1. 	 .0 





O 0 	0.00 
O 0 	0.00 
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Conclusions: Aftertreatment with 20 per cent tetra-
sodium pyrophosphate reduces tendering. 
Experiment XVII  
Purpose: To test the effect upon tendering of 
aftertreatment with Aero Catamine. 
Procedure: The dyeings used in this experiment were 
made in the laboratory of the Calco Chemical Co. at Charlotte, 
N.C. on a one pound package machine. #91 and #92 are regular 
dyeings using 10% Calcogene Black 5GCF. Dyeings #93 and #94 
were aftertreated with 2% Aero Catamine (American Cyanamid 
Co.) for 20 minutes at 160 °F. and dried without rinsing. 
Results: 	 % Tendering  
#91. No aftertreatment .0 .. 	.0 •* 	34,72 
#92. No aftertreatment 	 .0 .„ 27,47 
#93, Aftertreated with Aero Catamine 	., 49.35 
#94, Aftertreated with Aero Catamine .0 35,66 
#95 • Blank ,0 	 0• .0 o. 0. 	4,45 
#96, Blank o . 3061 
Conclusions: Aftertreatment with 2 per cent Aero 
Catamine does not appear to reduce tendering. 
Experiment XVIII  
Purpose: To test the efficiency of aftertreatment 
with meta tolulene diamine in preventing the tendering of 
cotton yarn dyed with sulfur black as claimed in U.S. 
Patent 2,193,328, 
Procedure: These dyeings were made on a package 
machine as in the previous experiment. #97 and #98 are 
regular dyeings using 10% Calcogene Black 5GCF. Dyeings 
#99 and #100 were aftertreated for 20 minutes at 185 °F. in 
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a 40-1 bath with 5 per cent meta tolulene diamine, then 
dried without rinsing. 
Results: 	 % Tendering  
#97. No aftertreatment 00 .0 .0 •0 •• 041 33.42 
#98. No aftertreatment •. 0. 0. .. .. .. 33.20 
#99. Aftertreated with 5% M.T.D. 	.. .0 ,, 14.63 
#100. Aftertreated with 5% M.T.D. ., .. .• 	6.71 
#101. Blank .. .0 .. .. •. .. 0. •. „ 6.58 
#102. Blank .. •. .0 .. •. 0. .. .. .. 	0.37 
Conclusions: Aftertreatment with 5 per cent meta 
tolulene diamine reduces tendering. 
Experiment XIX  
Purpose: To see if aftertreatment with one per 
cent meta tolulene diamine prevents the tendering of cotton 
dyed with sulfur black. 
Procedure: Beaker dyeings were made on four skeins 
of No. 20/s cotton yarn using 10 per cent Calcogene Black 
5GCF (#103-106, incl.). #103 and #104 were dyed in the re-
gular manner. #105 and #106 were aftertreated for 20 min-
utes at 185°F. in a 40-1 bath with one per cent meta tol-
ulene diamine, then dried without rinsing. 
Results: 	 LanlInLna. 
#103. No aftertreatment 
#104. No aftertreatment 
#105. Aftertreated with 1% M.T.D. 
#106. Aftertreated with 1% M.T.D. 
#107. Blank 	 0• 
#108. Blank 0411 	 *At 	 00 
.0 10.24 
.• 	8.29 
0. 	.. 	6,13 
0• 	0. 0 	•411 	8.55 
0• 0.00 
0. 	 0.00 
Conclusions: Aftertreatment with 1% meta tolulene 
diamine does not appear to reduce tendering. 
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Experiment XX  
Purpose: To study the effect of aftertreatment with 
lethecin upon the tendering of sulfur black dyed cotton yarn. 
Procedure: Beaker dyeings were made on four skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#109-112, incl.). #109 and #110 were dyed in the regular 
manner. #111 and #112 were dyed in the regular manner, then 
aftertreated with 5.0% Yelkin C (American Lethecin Co.) for 
20 minutes at 160°F0 in a 40-1 bath, squeezed out, and dried 
without rinsing. 
Results: 	 % Tendering 
#109. No aftertreatment 	„ .. .. •• 00 10.24 
#110. No aftertreatment 8029 
#111. Aftertreated with 5.0% Yelkin C 	•• 	9,95 
#112. Aftertreated with 5.0% Yelkin C .. 13,50 
#113. Blank 00 •• •• •• 	•• •• •• •• •• 	0,00 
#114, Blank 0. 	0. ,. .. 	 •• .. 0,00 
Conclusions: Aftertreatment with Yelkin C does not 
appear to reduce tendering. 
Experiment XXI  
Purpose: To continue the work in Experiment XVI to 
find if aftertreatment with tetrasodium pyrophosphate will 
inhibit tendering. 
Procedure: Beaker dyeings were made on four skeins 
on No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#115-118, incl.). #117 and #118 were aftertreated with 
20% tetrasodium pyrophosphate in a 40-1 bath for 20 minutes 
at 160°F. and dried without rinsing. 
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Results: 	 % Tendering. 
#115. No aftertreatment 0. .0 .0 
#116. No aftertreatment •6 .. 0* 4We 
#117. Aftertreated with 20% Na4P207 •• 





#119 0 Blank 0. .. 	 0.00 
#120, Blank 	0. 0. 
Conclusions: Aftertreatment with twenty per cent 
tetrasodium pyrophosphate reduces the tendering of cotton 
dyed with sulfur black. 
Experiment XXII  
Purpose: To study the effect of aftertreatment 
with monoethanolamine, triethanolamine, morpholine, and 
dioxan upon the tendering of sulfur black dyed cotton. 
Procedure: Beaker dyeings were made on ten skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#121-
#130, incl.). After dyeing, #123 and #124 were aftertreated 
in a 40-1 bath with 5.0% monoethanolamine for 20 minutes at 
160°F., run through a wringer, and dried without rinsing. 
In a like manner, #125 and #126 were aftertreated with 5% 
triethanolamine, #127 and #128 with 5% morpholine, and #129 
and #130 with 5% dioxan. 
Results: V. Tendering 
#121. No aftertreatment .0 	.. 	.0 	0. 	.. •. 	15.23 
#122. No aftertreatment •. .4. .. .. .. .. 8.52 
#123. Aftertreated with 5% monoethanolamine .. 0.00 
#124. Aftertreated with 5% monoethanolamine „ 4.50 
#125. Aftertreated with 5% triethanolamine .. 0,00 
#126. Aftertreated with 5% triathanolamine „ 5.21 
#127. Aftertreated with 5% morpholine 	.. .. 4.36 
#128. Aftertreated with 5% morpholine .. „. 10.31 
#129. Aftertreated with 5% dioxan 	.. 	• . .., 10,02 
#130. Aftertreated with 5% dioxan .. .. .• 15.61 


















Conclusions: Aftertreatment with monoethanolamine 
and triethanolamine appear to reduce tendering. The results 
obtained from aftertreatment with morpholine are not con-
sistent and no conclusion can be reached. Aftertreatment 
with dioxan does not reduce tendering. 
Experiment XXIII  
Purpose: To repeat experiments aftertreating sulfur 
black dyed cotton with monoethanolamine„ varying the con-
centration of the aftertreating agent. 
Procedure: Beaker dyeings were made on six skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#133- 
#137, incl.). After dyeing, #135 and #136 were aftertreated 
with 3.0% monoethanolamine for 20 minutes at 160 °F. in a 
40-1 bath, then dried without rinsing. In a like manner, 
#137 and #138 were aftertreated with 8.0% monoethanolamine. 
Results: % Tendering 
#133. No aftertreatment 0* 	 .0 O. 	21.7 
#134. No aftertreatment 0. .6 22.0 
#135. Aftertreated with 3% monoethanolamine 6.6 
#136. Aftertreated with 3% monoethanolamine I . 12.0 
#137. Aftertreated with 8% monoethanolamine 4'. 0.0 
#138. Aftertreated with 8% monoethanolamine .. 2.6 
#139. Blank 	O. 0• 	•• 	•• 	• 0 	•• 0.0 
#140. Blank . . . . .. .. 	 SO •• 0.0 
Conclusions: Monoethanolamine reduces tendering. 
The optimum amount for best results seems to be near 8,0%. 
The results obtained from aftertreatment with 3.0% mono-
ethanolamine were not consistent. 
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Experiment XXIV  
Purpose: To repeat the experiments aftertreating 
sulfur black dyed cotton with triethanolamine, varying the 
concentration of the aftertreating agent. 
Procedure: Beaker dyeings were made on six skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#141-
#146, incl.). After dyeing, #143 and #144 were aftertreated 
with 3,0% triethanolamine for 20 minutes at 160 0F. in a 
40-1 bath, then dried without rinsing. In a like manner, 














No aftertreatment 	te 	41e 	coo 	** 	4o4o 	0 1, 
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The optimum amount for best results appears to be above 8.0%. 
Experiment XXV 
Purpose: To test the effect of aftertreatment with 
the following compounds upon the tendering of cotton yarn 
dyed with sulfur black: triethanolamine oleate, triethan-
olamine ricinoleate, triethanolamine stearate, and tri-
ethanolamine linoleate. 
Procedure: Beaker dyeings were made on ten skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#149. 
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#158, incl.). After dyeing, #151 and #152 were aftertreated 
with 5.0% triethanolamine oleate for 20 minutes at 160 °F. in 
a 40-1 bath, squeezed out, and dried without rinsing. In 
a like manner, #153 and #154 were aftertreated with 5.0% 
triethanolamine ricinoleate, #155 and #156 with 5.0% tri-
ethanolamine stearate, and #157 and #158 with 5.0% trieth- 
anolamine linoleate. 
Results: 
#149, No aftertreatment 
#150. No aftertreatment 
#151. Aftr. with triethanolamine 
#152. Aftr. with triethanolamine 
#153. Aftr. with triethanolamine 
#154. Aftr. with triethanolamine 
#155. Aftr. with triethanolamine 
#156. Aftr. with triethanolamine 
#157. Aftr. with triethanolamine 
#158. Aftr. with triethanolamine 
#159. Blank 0. 








stearate .. 31.1 
stearate 24.6 
linoleate ,. 18.3 
linoleate .. 16.5 
.4. 0.0 
.0 ... 0.0 
Conclusions: These compounds do not reduce tendering 
any appreciable amount. 
Experiment XXVI  
Purpose: (1) To recheck the effect of aftertreat-
ment with tetrasodium pyrophosphate upon the tendering of 
cotton yarn dyed with sulfur black. 
(2) To determine the amount of tetrasodium pyro-
phosphate taken up by the yarn during aftertreatment. 
Procedure: Beaker dyeings were made on five skeins 
of No. 20/s cotton yarn. After dyeing, #163 and #164 were 
aftertreated with 10 per cent tetrasodium pyrophosphate 
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for 20 minutes at 160 0F, in a 40-1 bath, squeezed out, 
and dried without rinsing. Another skein was aftertreated 
in the same manner, then ached, and the phosphate content 
determined by the Handy method. #165 and #166 are blanks 
of white yarn. 
Results: 	 % Tendering  
#161. No aftertreatment 	 .. .0 16.9 
#162. No aftertreatment 0. 	 21.6 
#163. Aftertreated with 10% Na4P207 	 4.1 
#164. Aftertreated with 10% Na4P207 4.6 
#165, Blank 	 .4. 0. .4, 	0.0 
#166. Blank .. 	 0. ,. 	0.0 
Analysis showed that the yarn contained 0.579% 
tetrasodium pyrophosphate by weight. 
Conclusions: Aftertreatment with 10 per cent 
tetrasodium pyrophosphate seems to reduce tendering in 
cotton yarn dyed with sulfur black. The reduction of ten-
dering may be due to the alkalinity of the tetrasodium 
pyrophosphate. 
The aftertreated yarn contains 0.579 per cent tetra-
sodium pyrophosphate by weight. 
Experiment XXVII  
Purpose: To determine the effect of aftertreatment 
with solutions of sodium hydroxide and ammonium hydroxide 
having the same pH as the monoethanolamine solution used 
in Experiment XXIII, dyeing #136. 
Procedure: The aftertreating bath of monoethanol- 
amine as used in dyeings #136 and #137 was found to have a 
pH equal to 11.45. Beaker dyeings were made on eight 
skeins of No. 20/s cotton yarn using 10% Calcogene Black 
5GCF (#167-174, incl.). #169 and #170 were aftertreated 
in a 40-1 bath of sodium hydroxide having a pH equal to 
11.45 for 20 minutes at 160 °F., squeezed out, and dried 
without rinsing. #171 and #172 were aftertreated in a 
like manner using an ammonium hydroxide solution whose pH 
equals 11.45. #173 and #174 were aftertreated with 8.0% 
monoethanolamine in a 40-1 bath (pH equals 11.45) for 20 
minutes at 160°F., and dried without rinsing. #175 and 
#176 are blanks of white yarn. 
Results: 
#167. No aftertreatment 
#1680 No aftertreatment 0. .• 
#169. Aftr. with NaOH soln. 
#170. Aftr. with NaOH soln. 
#171. Aftr. with NH4OH soln. 
#172. Aftr. with NH4OH soln. •. 
#173. Aftr. with monoethanolamine 
#174. Aftr. with monoethanolamine 
#175, Blank 	•• .0 •. 00 
#176, Blank .0 	 0. 
% Tendering 
•• .• 	16.7 
0. 0. .. 19.3 
.0 0.0 
0. 4,5 
.. .. 13.9 
.. 13.6 
•• ., 2.3 
0. 1.8 
•. 0.0 
0. 0• 0.0 
Conclusions: Aftertreatment with a solution of 
sodium hydroxide having a pH of 11.45 reduces tendering. 
This is a very dilute solution being below 0.1 N. 
Aftertreatment with ammonium hydroxide does not 
reduce tendering. The reason for this is that most of the 
ammonia was probably volatalized during the ageing-baking 
process at 130 ° C. 
The reason that monoethanolamine reduces tendering 
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is probably due to its alkalinity. 
Experiment XXVIII  
Purpose: (1) To test the effect that aftertreating 
sulfur black dyed yarn with a mixture of sodium hydroxide 
and Nacconol NH (sodium alkylaryl sulfonate) has upon 
tendering. 
(2) To test the fastness of the above aftertreat-
ment to washing. 
(3) To compare the above results with those obtained 
by aftertreating with 8.0% monoethanolamine. 
Procedure: Beaker dyeings were made on ten skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#177-186, incl.). #179-182, incl., were aftertreated in a 
40-1 bath of sodium, hydroxide having a pH equal to 11.45 
for 20 minutes at 160 °F., squeezed out, and dried without 
rinsing. In like manner, #183-186, incl., were after- 
treated with 8% monoethanolamine (pH equals 11.45). Before 
tendering #181, #182, #185, and #186 were given the A.A.T. 
C.C. No.2 wash test, which consists of agitating in a sol-
ution containing 0.5% soap and 0.2% sodium carbonate at 
160°F. for 30 minutes and then rinsing well. 
Results: 	 $ Tendering  
#177. No aftertreatment .• 	 .. 27.2 
#178. No aftertreatment 	 13.4 
#179. Aftr. with NaOH and Nacconol NH 	4,0 0. 	6.5 
#180. Aftr. with NaOH and Nacconol NH so .. 0.0 
#181. Same as #179 given wash test 	.. .. 	0.0 
#182. Same as #180 given wash test oo 4.8 
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#183. Aftr. with monoethanolamine 	•. •• 	0,0 
#184. Aftr. with monoethanolamine „ 	 3.9 
#185. Same as #183 given wash test 9. 9. 0.0 
#186. Same as #184 given wash test .. 	 0.0 
#187. Blank 	.. .. .. 99 9. 0.0 
#188. Blank 1.4 
Conclusions: (1) The mixture of sodium hydroxide 
and Nacconol reduces tendering, but the mixture does not 
reduce tendering any more than sodium hydroxide alone. 
(2) This aftertreatment is fast to the A.A.T.C.C. 
No. 2 wash test. 
(3) Aftertreatment with monoethanolamine is fast 
to the A.A.T.C.C. No. 2 wash test. 
Experiment XXIX  
Purpose: (1) To aftertreat with sodium hydroxide 
solution having a pH equal to 11.45 at 160°F, for 20 min-
utes, wash alkaline free after ageing, and then re-age for 
two hours at 130°C. 
(2) Aftertreat as above, except wash alkaline free 
before ageing. 
(3) Aftertreat with sodium hydroxide solution (pH 
equals 11.45) at a boil for 20 minutes. 
(4) Aftertreat as in "3" above, but wash alkaline 
free before ageing. 
Procedure: Beaker dyeings were made on twelve skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#189-200, incl.). #191-196, inclusive, were aftertreated 
in a 40-1 bath with a solution of sodium hydroxide (pH 
equals 11.45) for 20 minutes at 160 °F., squeezed out, and 
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dried without rinsing. After ageing for two hours at 130 °C., 
#193 and #194 were washed alkali free, then re-aged for 
two hours at 130°C. before testing tendering. #195 and 
#196 were washed alkali free before ageing in the oven. 
#197-200, incl., were aftertreated in a 40-1 bath with a 
sodium hydroxide solution (pH equals 11.45) for 20 minutes 
at a boil, 
and #200 
squeezed out, and dried without rinsing. 	#199 
were washed alkali free before tendering. 
Results: 	 % Tendering 
#189. No aftertreatment 	 .. 	.. 	24.2 
#190. No aftertreatment .0 	0. 0 00 0. 21.5 
#191. Aftertreated with NaOH at 160 F. 9.3 
#192. Aftertreated with NaOH at 160°F. 	0. 	.. 6.4 
#193. As #191 washed alkali free and re-aged .. 9.4 
#194. As #192 washed alkali free and re-aged 12.2 t ' 
#195. As #191 washed alkali free before ageing 10.5 
#196. As #192 washed alkali free before ageing 5.2 
PL, 
#197. Aftertreated with NaOH at the boil 	.. 1.3 
#198. Aftertreated with NaOH at the boil 5.7 4,4 
#199. As #197 washed alkali  free before ageing 4.9 
#200. As #198 washed alkali free before ageing 8.1 
#201, Blank 	.. 	.. 	.. 	.. 	.. 0.0 
#202. Blank .. 	0• 00 .4, .0 	.. .. 	.0 0.0 
Conclusions: (1) Aftertreatment with sodium 
hydroxide (pH equals 11.45) at 160°F. appears to give a 
decided reduction in tendering. 
(2) This aftertreatment appears to be permanent, 
for if the yarn is washed alkali free after ageing and then 
re-aged for two hours, it does not seem to tender very much 
more. This may indicate a reaction between the sodium 
hydroxide and certain groups in the dyestuff molecule. 
(3) This aftertreatment appears to be fast to 
     
washing in water before ageing. 
(4) Aftertreatment at a boil seems to give slightly 
better results than at 160°F. This aftertreatment is also 
fast to washing before ageing. 
Experiment XXX 
Purpose: (1) To aftertreat sulfur black dyed cotton 
yarn with a saturated solution of calcium hydroxide at 160 °F, 
for 20 minutes and test the effect of this aftertreatment 
upon tendering. 
(2) Aftertreat as above, but wash thoroughly before 
tendering. 
(3) Aftertreat as above, but wash thoroughly after 
baking two hours at 130 °C., then bake for two more hours at 
130 °C. 
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(4) Aftertreat with a saturated calcium hydroxide 
solution at the boil for 20 minutes. 
(5) Aftertreat as in "4" above, but wash thoroughly 
before baking. 
Procedure: Beaker dyeings were made on 12 skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#203-214 0 inclusive). #203 and #204 were not after-
treated. #205-210 0 inclusive, were aftertreated in a 
saturated solution of calcium hydroxide for 20 minutes at 
160°F. in a 40-1 bath, and dried without rinsing. #207 
and #208 were washed well in water before ageing. #209 
and #210 were baked in the oven for two hours at 130 o C., 
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then washed thoroughly in warm water, and re-aged for two 
hours at 130 °C. #211-214, inclusive, were aftertreated in 
a 40-1 bath of saturated calcium hydroxide at the boil for 
20 minutes, and dried without rinsing. #213 and 214 were 
washed well in hot water before ageing. #215 and #216 are 
blanks of undyed yarn treated with sodium sulfide and so-
dium carbonate as if dyed. 
The skeins were baked in an oven at 130 °C. for two 
hours and allowed to condition over night at 70 °F. and 65% 
R.H. The per cent tendering is calculated from the differ-
ence in tensile strength of the yarn before and after 
baking. The tensile strength is taken as the average of 
forty single strand breaks. 
Results: 	 % Tenderin5,1 
#203, No aftertreatment 	 .0 	0. 	25.8 
#204. No aftertreatment 0 . 	0. 25.1 
#205, Aftertreated with Ca(OH) 2 at 160°F.., 7.6 
#206. Aftertreated with Ca(OH) 0 at 160 °F.„ 12,3 
#207. As #205, but washed befoile baking 	„ 0,0 
#208,  As #206 0 but washed before baking .. 5.3 
#209, As #205, washed after ageing & reaged 12.3 
#210. As #206, washed after ageing & reaged 5.4 
#211. Aftertreated with Ca(OH) 2 at a boil.. 0.0 
#212, Aftertreated with Ca(OH)2" at a boil., 0.0 
#213, As #211, but washed before baking 4.7 
#214. As #212, but washed before baking 0.0 
#215, Blank 	.. 	0. 	0. 	 4'. 	.0 	0. 0.0 
#216, Blank • • 0 • • • 	IP* 	.. • • 0.0 
Conclusions: (1) Aftertreatment with saturated 
calcium hydroxide solution, appears to be effective in 
reducing tendering. 
(2) As in the case of sodium hydroxide, after- 
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treatment at the boil seems to give the best results. 
(3) This aftertreatment seems to be fast to washing. 
Experiment XXXI 
Purpose: (1) To test the effect that increasing the 
strength of the sodium hydroxide solution above a pH of 11.45 
has upon the tendering of sulfur black dyed yarn. 
(2) To test the effect of washing the skeins in 
dilute acetic acid after a caustic soda aftertreatment. 
Procedure: Beaker dyeings were made on six skeins of 
No. 20/s cotton yarn using 10% Oalcogene Black 500F (#217-
222, inclusive.) #219-222, inclusive, were aftertreated 
in a 40-1 bath of sodium hydroxide (pH equals 12.05) for 
20 minutes at the boil and dried without rinsing. #219 
and #220 were treated for five minutes in 0,005 N. acetic 
acid, washed in hot water, and dried. 
The ageing and determination of tendering was 
carried out in the usual manner, 
Results: 	 LTMd..222111Z 
#217. No aftertreatment 	.. 0. 
#218. No aftertreatment 0. 
#219. Aftertreated with NaOH (pH equals 
#220, Aftertreated with NaOH (pH equals 
#221. As #219, treated with acetic acid 
#222, As #220, treated with acetic acid 
#223, Blank 0. .. 0• *a 00 *0 00 
#224. Blank 0• 0. .. .. 	*. 	0. .6, 
Conclusions: (1) Aftertreatment with sodium 







„ 	.. 0,0 
., ,. 4.2 
00 	00 0.0 
0. 0. 0.0 
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zero. 
(2) Neutralization with weak acetic acid did not 
appear to effect the aftertreatment. 
Experiment XXXII 
Purpose: In all previous aftertreatments with 
sodium hydroxide, the sodium hydroxide has been dried 
into the yarn before washing. It is the purpose of this 
experiment to test the effect upon tendering of washing 
dyed yarn aftertreated with sodium hydroxide before drying. 
Procedure: Beaker dyeings were made on four skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#225-228, inclusive). #225 and #226 were not aftertreated. 
#227 and #228 were aftertreated for 20 minutes in a 40-1 
bath of sodium hydroxide (pH equals 11.45) at a boil. The 
skeins were then washed thoroughly before drying. #229 
and #230 are blanks of white yarn treated with sodium sul-
fide and sodium carbonate as the dyed skeins. 
Baking and testing were carried out in the regular 
manner. 
Results: 
#225. No aftertreatment 
#226. No aftertreatment  
#227. Aftertreated with NaOH „ 
#228. Aftertreated with NaOH 
#229. Blank 0. .. 0. .. 0. 
#230. Blank .. a. 
Tendering  
0* 00 	00 	.. 38.8 
.. 	.. .. 4*. 	38.7 
0. .0 	.. 	.. 5.8 
.. 0. .. .. 	10.6 
0. 	.• 	•• 	., 0.0 
• • .. • • ,. 	0.0 
Conclusions: Tendering is greatly reduced even if 
the aftertreated yarn is washed thoroughly before drying. 
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....S22ELPIELMILLT. 
Purpose: To repeat Experiment XXXII, testing the 
effect of aftertreating dyed yarn with sodium hydroxide 
and washing before drying. 
To repeat the above increasing the strength of the 
sodium hydroxide solution. 
Procedure: Beaker dyeings were made on six skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#231-236, inclusive). #231 and #232 were not after-
treated. #233 and #234 were aftertreated for 20 minutes 
with 0,005 N. sodium hydroxide (pH equals 11.45) at a boil 
in a 40-1 bath. The yarn was then washed thoroughly and 
dried. #235 and #236 were aftertreated in the same manner 
using 0.01 N, sodium hydroxide. #237 and #238 are blanks 
of white yarn treated with sodium sulfide and sodium car-
bonate as the dyed yarn. 
Tendering and testing was carried out in the usual 
manner. 
Results: Tendering 
#231, No aftertreatment 	.. G. 	.. 	.. •. 0. 16,6 
#232. No aftertreatment .0 G. .. .. .. .. 19.7 
#233. Aftertreated with NaOH (0.005 N0) ** 0. 6.1 
#234. Aftertreated with NaOH (0.005 N.) .. .. 5.5 
#235. Aftertreated with NaOH (0.01 N.) „ G. 6.6 
#236, Aftertreated with NaOH (0.01 N.) G. G. 7.8 
#237, Blank 	G. 	G. 	.. 	G. *. 	00 	00 00 410 0.0 
#238, Blank G. .. .. G. *• .0 .. G. ,. 2.1 
Conclusions: (1) Aftertreatment with sodium hydroxide 






tendering or the caustic is dried into the yarn and then washed. 
Drying the sodium hydroxide into the yarn appears only 
slightly more effective. 
(2) Increasing the strength of the aftertreating 
bath does not bring about a corresponding decrease in the 
tendering. 
Experiment XXXIV  
Purpose: To determine the effect of aftertreating 
sulfur black dyed cotton yarn with beta naphthol: 
(a) Using only enough sodium hydroxide to get the 
beta naphthol into solution. 
(b) Adding additional sodium hydroxide to the beta 
naphthol bath bringing the pH to 11.45. 
Procedure: Beaker dyeings were made on six skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#239-244, inclusive). #239 and #240 were not aftertreated. 
#241 and #242 were aftertreated in a 40-1 bath using 1.0% 
beta naphthol for 20 minutes at a boil. Only enough sodium 
hydroxide was used to carry the beta naphthol into solution. 
The yarn was washed in cold water and dried. #243 and #244 
were aftertreated in a like manner except additional sodium 
hydroxide was added to bring the pH of the bath to 11.45. 
#245 and #246 are blanks consisting of white yarn treated 
with sodium sulfide and sodium carbonate as the dyed yarn. 














#239. No aftertreatment 
#240. No aftertreatment 
#241. Aftertreated with 
#242. Aftertreated with 
#243, As #241 plus NaOH 
#244. As #242 plus NaOH 
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.0 
beta naphthol 	.. 
beta naphthol 00 
to make pH-11.45 
to make pH-11.45 
10 1 	IWO 	Of 	.. 	0411 
#245. Blank .. 0. .. 
#246. Blank 	 0. 
Conclusions: (1) Aftertreatment with beta naphthol 
reduces tendering. This may be due to the sodium hydroxide 
used in dissolving the beta naphthol. 
(2) When sodium hydroxide is added to the beta 
naphthol bath bringing the pH to 11.45, the amount of 
tendering is almost negligible, but since sodium hydroxide 
will do the same thing by itself, we can conclude that 
there is no need for the beta naphthol. 
Experiment XXXV  
Purpose: (1) To test the effect of aftertreat-
ment with sodium sulfite upon the tendering of sulfur 
black dyed yarn. 
(2) To test in a like manner the effect of after-
treatment with sodium silicate. 
Procedure: Beaker dyeings were made on six skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#247-252, inclusive). #247 and #248 were not aftertreated. 
#249 and #250 were aftertreated for 20 minutes at a boil 
in a 40-1 bath with 1.0% sodium sulfite, rinsed, and dried. 
In like manner, #251 and #252 were aftertreated with 
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1.0% sodium silicate. #253 and #254 are blanks of -undyed 
yarn treated with sodium sulfide and sodium carbonate. 
Tendering and testing were carried out in the usual 
manner. 
Conclusions: Aftertreatment with either 1.0% sodium 
sulfite or 1.0% sodium silicate reduces tendering to some 
extent. Neither are as good as sodium hydroxide in re-
ducing tendering. 
Experiment XXXVI  
Purpose: To find if aftertreatment with sodium 
hydroxide is permanent by subjecting it to a series of two 
hour bakes at 130 °C., instead of just one baking as in the 
standard tendering test. 
Procedure: Beaker dyeings were made on eight skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#255-262, inclusive). #255 and #256 were not aftertreated. 
#257 to #262, inclusive, were aftertreated for twenty 
minutes at a boil in a 40-1 bath of 0.005 N. sodium 
hydroxide, squeezed out, and dried without rinsing. #257 
and #258 were baked for two hours at 130
o



































condition over night at 70 °F. and 65 per cent relative 
humidity, and then tested for tendering. #259 and #260 
were baked as #257 and #258, but after conditioning were 
returned to the oven and baked an additional two hours. 
In a like manner, #261 and #262 were given three bakes of 
two hours each at 130 °0., allowing the skeins to become 
conditioned between each two hour bake. #263, #264, and 
#265 are blanks of white yarn treated with sodium sulfide 
and sodium carbonate as the dyed yarn. 
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Results: 
#255, No aftertreatment, baked two hours 
#256. No aftertreatment, baked two hours 
#257. Aftr. with NaOH, baked two hours 
#258. Aftr. with NaOH, baked two hours 
#259. •Aftr. with NaOH, baked four hours 
#260. Aftr. with NaOH, baked four hours 
#261. Aftr. with NaOH, baked six hours 
#262. Aftr. with Na0H, baked six hours 
#263. Blank baked two hours 	,.  
#264. Blank baked four hours .0 
#265. Blank baked six hours .. 	„ 
Conclusions: Table I,page 5, shows that a baking 
of two hours at 140°C. will produce the same amount of ten-
dering as will occur in one and a half years at ordinary 
room temperature. Since the aftertreated yarn in this 
experiment stood 3-two hour bakes, it can be concluded 
that this aftertreatment is relatively permanent. 
Experiment XXXVII 
Purpose: It has been shown that aftertreatment 
with sodium hydroxide inhibits tendering. This experiment 
is to determine the effect of pretreatment of the white 
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yarn with sodium hydroxide (mercerization). 
Procedure: Beaker dyeings were made on two skeins 
of unmercerized yarn, #266 and #267, and two skeins of 
mercerized yarn, #268 and #269, using 10% Calcogene Black 
5GCF. #270 and #271 are blanks of white yarn treated 
with sodium sulfide and sodium carbonate. 
Results:  
#266. Unmercerized yarn 0• 
#267. Unmercerized yarn 0* 
#268. Mercerized yarn 	.0 
#269. Mercerized yarn 
#270. Blank 
#271. Blank 0• 00 0• 0• 
• 0 	0 0 	•0 	O• 
00 	0* 5 • 	•0 
O 0 O• 	• • •0 
ii• 	•0 	•• 	•4 
•• •• •• is• 
• 5 	05 	0• 	•• 







Conclusions: A pretreatment of mercerization seems 
to inhibit the tendering of sulfur black dyed cotton. 
Experiment XXXVIII  
Purpose: All previous experiments, aftertreating 
with sodium hydroxide, have been carried out on yarn dyed 
with Calcogene Black 5GCF. This experiment is to see if 
the aftertreatment is as efficient on yarn dyed with other 
types of sulfur black, such as Calcogene Black 3RCF, 
Procedure: Beaker dyeings were made on six skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 3RCF 
(#272-277, inclusive) • #272 and #273 were not aftertreated. 
#274-277, inclusive, were aftertreated for twenty minutes 
at a boil in a 40-1 bath of 0.005 N. sodium hydroxide. 
#274 and #275 were squeezed out and dried without rinsing. 




and #279 are blanks of white 
and sodium carbonate. 
Results: 
yarn treated with sodium 
7 Tendering 
#272. No aftertreatment ** .0 	act 0. 	16.4 
#273. No aftertreatment 	0. 0. 00 .. 15.6 
#274. Aftertreated and dried without rinsing .. 0.0 
#275. Aftertreated and dried without rinsing .. 0.0 
#276. Aftertreated and washed before drying 3.9 
#277. Aftertreated and washed before drying .. 4.8 
#278. Blank 	0. 	** 	ao 	.. to* 	** a* 	** 0* 000 
#279. Blank 0. ,. 0. ** 	** ** 	** ** 0.0 
Conclusions: Aftertreatment with sodium hydroxide 
inhibits tendering in yarn dyed with Calcogene Black 3RCF. 
Experiment XXXIX 
Purpose: To see if aftertreatment with sodium 
hydroxide is fast to acid. This is an effort to reverse 
the action of sodium hydroxide on sulfur black dye if such 
a reaction takes place. 
Procedure: Beaker dyeings were made on eight skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#280-287, inclusive). #280 and #281 received no after-
treatment. #282-287, inclusive, were aftertreated for 
twenty minutes at a boil in a 40-1 bath of sodium hydroxide 
(pH equals 11.45). The skeins were squeezed out and dried 
without rinsing. #284 and #285 were then worked in 0.5% 
acetic acid, cold, for ten minutes, neutralized with 
dilute ammonium hydroxide, and washed thoroughly. In a 
like manner, #286 and #287 were treated with 10.0% acetic 
acid. #288 and #289 are blanks of white yarn treated with 
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sodium sulfide and sodium carbonate as the dyed yarn. 
#280. 










#282. Aftertreated with NaOH 	00 00 	00 .. 0.0 
#283. Aftertreated with NaOH „ 	„ .. „ . 0 0.0 
#284. As #282, washed in 0.5% acetic acid .0 13.9 
#285. As #283, washed in 0.5% acetic acid 0. 16.1 
#286. As #282, washed in 10.0% acetic acid 0. 12.9 
#287. As #283, washed in 10 0 0% acetic acid .. 13,1 
#288. Blank 	00 00 	00 	011 	011 	00 00 	00 00 0 0 0 
#289 0  Blank .. 0. 0. 00 0. 00 	5$ 00 0 . 0  
Conclusions: Treatment with acid neutralized the 
good effects received from aftertreatment with sodium 
hydroxide. If there is a reaction between the sodium 
hydroxide and dyestuff, the acid may reverse the reaction 
or break down the compound formed. 
Experiment XL  
Purpose: To repeat Experiment XXXVII, showing the 
effect of pretreatment of cotton yarn with sodium hydroxide 
upon the tendering of the dyed skein. 
Procedure: Beaker dyeings were made on four skeins 
of unmercerized No. 20/s cotton yarn using 10% Calcogene 
Black 5GCF (#290-293, inclusive). Before dyeing, #292 
and #293 were boiled for twenty minutes in a 40-1 bath 
of sodium hydroxide (pH equals 11045). Beaker dyeings 
were also made on four skeins of No. 36/2 mercerized 
cotton yarn using 10% Calcogene Black 5GCF (#294-297, 
inclusive). #298 and #299 are blanks of white yarn treated 
with sodium sulfide and sodium carbonate as the dyed yarn. 
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All of the skeins were tendered by baking for two hours 
at 130oC. as in preceding experiments. #296 and #297 
were given an additional two hour bake at 13000. 0 making 
four hours in all. #296 and #297 were allowed to condition 





















No pretreatment 	at 	to 	to 	to 
No pretreatment ., .. .. .. 
Yarn pretreated with NaOH 	.0 
Yarn pretreated with NaOH 00 
Mercerized yarn, baked two hours 
Mercerized yarn, baked two hours 
Mercerized yarn, baked four hours 
Mercerized yarn, baked four hours 
Blank 	0* 	*. 	00 	*0 	*0 	** 





















Conclusions: Pretreatment of the yarn with sodium 
hydroxide seems to inhibit tendering. Mercerized yarn 
does not tender appreciably even when given two bakes of 
two hours each. 
Experiment XLI  
Purpose: To determine the effect that pretreating 
sulfur black dye with sodium hydroxide has upon tendering. 
Procedure: Ten grams of Calcogene Black 5GCF and 
200 ml. of 0.005 N. sodium hydroxide were boiled together 
for twenty minutes. The solution was filtered and the 
residue dried, without rinsing or application of heat, in 
an Abderhalden dryer under reduced pressure. Four skeins 
of No. 20/s cotton yarn were dyed with this pretreated dye 
using 10 per cent color on the weight of the yarn (#302. 
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305, inclusive). #300 and #301 are regular 10% dyeings of 
untreated Calcogene Black 5GCF on No. 20/s cotton yarn. 
'#306 and #307 are blanks of white yarn treated with sodium 
sulfide and sodium carbonate. All were baked for two hours 
at 130°C. in the regular manner, except #304 and #305. 
TheSe two skeins, after coming to standard conditions of 
70oF. and 65 per cent relative humidity, were put back in 
the oven and given an additional two hour bake. 
Results: % Tendering 
#300. 10% Calcogene Black 5GCF 00 ,. 	20.3 
#301. 10% Calcogene Black 5GCF ** 20.4 
#302. 10% pretreated dye, baked two hours 0.0 
#303. 10% pretreated dye, baked two hours 0.0 
#304. 10% pretreated dye, baked four hours 6.8 
#305. 10% pretreated dye, baked four hours ,, 	8,3 
#306. Blank .0 ** 	** 0.0 
#307. Blank 	 *. 0. .. .. 	0.0 
Conclusions: Pretreatment of sulfur black dye with 
sodium hydrbxide appears to inhibit tendering. The shade 
produced by the pretreated dye was approximately the same 
strength as ordinary Calcogene Black 5GCF, but somewhat 
redder in shade. 
Experiment XLII  
Purpose: To retest the pretreatment of sulfur 
black dye with sodium hydroxide. 
Procedure: Beaker dyeings were made on four skeins 
of No. 20/s cotton yarn using 10% dye pretreated with sodium 
hydroxide as in Experiment XLI (#310-313, inclusive), #308 
and #309 are regular 10% dyeings of Calcogene Black 5GCF. 
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#312 and #313 were washed for thirty minutes in a 50-1 bath 
containing 0.5% soap and 0,2% soda ash at 160 °F., rinsed, 
and dried. #314 and #315 are blanks of white yarn treated 
with sodium sulfide and sodium carbonate as the dyed yarn. 
Results: % Tendering 
#5080 10% Calcogene Black 5GCF 	00 • 0 •• 00 	56.5 
#309. 10% Calcogene Black 500F • • S . ** 3706 
#310. 10% pretreated 5GCF .„. Of O• 00 3.2 
#311. 10% pretreated 5GCF S i O • O ft 4,7 
#312. As #310, given wash test 	.. • 0 • O Olt 1.7 
#313. As #311, given wash test • • • • *0 0.0 
#314. Blank 	0. 	.0 0. • • •• 2.5 
#315. Blank 0• • * •• .. 0.0 
Conclusions: The pretreatment of sulfur black dye 
with sodium hydroxide inhibits tendering. Yarn dyed with 
this pretreated dye does not tender when subjected to a 
severe washing test. 
Experiment XLIII  
Purpose: To test again the pretreatment of sulfur 
black dye with sodium. hydroxide. 
Procedure: Ten grams of Calcogene Black 5GCF and 
200 ml. of sodium hydroxide solution (pH equals 11.45) 
were boiled together for twenty minutes. The solution was 
filtered and the residue dried without rinsing or the 
application of heat in an Abderhalden dryer under reduced 
pressure. Two skeins of No. 20/s cotton yarn, #318 and 
#319, were dyed with 10% pretreated dye. #316 and #317 
are 10% dyeings of untreated Calcogene Black 5GCF. #320 
and #321 are blanks of white yarn treated with sodium 
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sulfide and sodium carbonate as the dyed samples. 
Results: 	 % Tendering 
#316. 10% Calcogene Black 5GCF 
#317. 10% Calcogene Black 5GCF 
#318. 10% Pretreated Black 5GCF 
#319. 10% Pretreated Black 5GCF „ 
#320. Blank 	.. 	.. O. 
#321. Blank ofp 	*a 	*41 	•41, 	 *so 
4.4, 	4.. 	.4. 	11.5 
44: 	oi es 	10.3 
4.. 	.. 	.. 3.2 
.4. 4.. 	444. 	7.6 
4.. 	.4. .. 4.6 
.. .. 	S. 	443 
Conclusions: This seems to show again that pre-
treatment with sodium hydroxide does inhibit tendering. 
The tendering that took place in the pretreated samples 
was probably due more to heat than to the breaking down 
of the dye, since the two white samples tendered also. 
Experiment XLIV  
Purpose: The treatment of yarn with sodium hydroxide 
before dyeing reduces tendering. It is the purpose of 
this experiment to study the effect of varying the strength 
of the pretreating bath upon tendering. 
Procedure: Beaker dyeings were made on six skeins 
of No. 20/s cotton yarn using 10% Calcogene Black 5GCF 
(#322-327, inclusive). Before dyeing, #324 and #325 were 
boiled for twenty minutes in a 40..1 bath of 0.01 N. sodium 
hydroxide and dried without rinsing. In a like manner, 
#326 and #327 were pretreated by boiling in 0.1 N. sodium 
hydroxide for twenty minutes and drying without rinsing. 
#328 and #329 are blanks of white yarn treated with sodium 


















*0 	00 	* 0 
with 0,01 N. 
with 0.01 N. 
with 0.10 N. 
with 0.10 N. 
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% Tendering 
00 	00 0. 	15.9 
00 	00 16.0 
NaOH 0• .0 12.3 
NaOH 0. 5,4 
NaOH .. 4.0 
NaOH 0. .0 9.4 
00 	00 4.8 
00 	* 0 0. 6.9 
Conclusions: Due to the inconsistent results and 
the fact that the white yarn tendered so much, it is im- 
possible to draw any conclusions from the above experiment. 
Experiment XLV  
Purpose: To test the effect of acetic acid on yarn 
dyed with pretreated sulfur black dye. The purpose of the 
acetic acid is to neutralize any adsorbed sodium hydroxide. 
Procedure: Ten grams of Calcogene Black 5GCF and 
200 ml. of sodium hydroxide solution (pH equals 11.45) 
were boiled together for twenty minutes. The solution was 
filtered and the residue dried without rinsing or the 
application of heat in an Abderhalden dryer under reduced 
pressure. Ten per cent dyeings were made on four skeins 
of No. 20/s cotton yarn using this pretreated dye (#332-
335, inclusive). After dyeing, #334 and #335 were worked 
in a 1.0% acetic acid solution for ten minutes. After 
rinsing,. the excess acid was neutralized with ammonium 
hydroxide, the skeins rinsed, and dried. #330 and #331 
are regular 10% dyeings of untreated Calcogene Black 5GCF, 
#336 and #337 are blanks of white yarn treated with sodium 
sulfide and sodium carbonate as the dyed yarn. 
Results: 	 , Tendering 
#330, 10% Calcogene Black 5GCF 111,0 OS OS, 0. 10.5 
#331. 10% Calcogene Black 5GCF 	.. 00 0. 11.7 
#332. 10% Pretreated Black 5GCF „ 	„ 	6.9 
#333. 10% Pretreated Black 5GCF .0 .. 5.5 
#334. As #332, treated with acetic acid .. 0. 12.5 
#335. As #333 0 treated with acetic acid „ 0. 	7.9 
#336. Blank ., 	 110 .. .. 00 aff 	0.0 
#337. Blank .0* *. 0. 	0. 	.. 0.0 
Conclusions: The results are too inconsistent to 
draw any conclusions. 
Experiment XLVI  
Purpose: Calcogene Black 5GCF was pretreated with 
sodium hydroxide as in previous experiments and acidified 
before dyeing to acertain if the change brought about by 
the caustic treatment is permanent or not. 
Procedure: Ten grams of Calcogene Black 5GCF and 
200 ml. of sodium hydroxide solution (pH equals 11.45) 
were boiled together for twenty minutes. The solution was 
filtered and the residue dried without rinsing or the 
application of heat in an Abderhalden dryer under reduced 
pressure. Ten per cent dyeings were made on two skeins of 
No. 20/s cotton yarn, #340 and #341, using part of this 
pretreated dye. The remainder of the pretreated dye was 
added to 100 ml. of 1.0% acetic acid and stirred for five 
minutes. The dye was then filtered, washed, and dried 
under reduced pressure without the application of heat. 
#342 and #343 are ten per cent dyeings of the resulting 
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dye. #338 and #339 are regular ten per cent dyeings of 
Calcogene Black 5GCF on No. 20/8 cotton yarn. #344 and 
#345 are blanks of white yarn treated with sodium sulfide 
and sodium carbonate as the dyed yarn. 
Results: % Tendering 
#338. Untreated dye .0 	so .. 	.. 0. 	3703 
#339. Untreated dye .. e . .. 35.5 
#3400 Pretreated dye •0 0. 	.0 11.0 
#341. Pretreated dye .0 0. 0. 4.1 
#342. Pretreated dye, treated with acetic acid. 10.8 
#343. Pretreated dye, treated with acetic acid. 6.6 
#344. Blank 	4.. 	.. 0. 0. 	0. 	0• 4.. 	0. 0.0 
#345. Blank 0. .4. 0. 0. 0. 0.0 
Conclusions: The above results seem to indicate 
that the reduced tendering is not due to the adsorbed 
sodium hydroxide alone. The dye treated with acetic acid 
lost about twenty five per cent of its color value. 
Prehaps a skein dyed to a full ten per cent shade would 
tender more. 
Experiment XLVII  
Purpose: (1) Pretreated yarn with sodium hydroxide 
(pH equals 11.45) to see if tendering is reduced in the 
dyed sample. 
(2) The dyed yarn treated as above was worked in 
dilute acid to see if the reduced tendering was due to 
adsorbed sodium hydroxide. 
Procedure: Beaker dyeings were made on six skeins of 
No. 20/s cotton yarn using 10% Calcogene Black 5GCF (#346. 
351, inclusive). Before dyeing, the white skeins, #348. 
351, inclusive, were treated for twenty minutes in a 40-1, 
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bath of sodium hydroxide (pH equals 11.45) at the boil. 
After dyeing, #350 and #351 were worked in a 20-1 bath 
of 1% acetic acid for ten minutes, rinsed well, neutralized 
are blanks 
sodium 
with ammonium hydroxide, rinsed, 
of white yarn treated 





#352 and #353 
sulfide and 
% Tendering, 
#346. Untreated yarn 	.. cr. 	ea 4). as 	oo 	35.3 
#347. Untreated yarn .. 	.. .• •• •• .• 34.9 
#348. Pretreated yarn ,. 00 .. 	.. 17.9 
#349. Pretreated yarn .. 	.. .. 18.8 
#350. Same as #348, treated with acetic acid 	.. 30.8 
#351. Same as #349, treated with acetic acid .. 28.8 
#352. Blnnk 	** 	.0 0. 	.. OS 00 	00 3.6 
#353. Blank •0 	.• •• 0. 	•• •• •• •• .. 1,4 
Conclusions: 	(1) Pretreatment of the yarn with 
sodium hydroxide does reduce tendering of the dyed yarn. 
(2) This reduced tendering must be due to adsorbed 
sodium hydroxide. 
Experiment XLVIII  
Purpose: It has been shown in Experiment XL that 
mercerized yarn dyed with sulfur black dye does not tender 
near as much as unmercerized yarn. In this experiment, 
dyed mercerized yarn was aftertreated with dilute acid to 
see if this reduced tendering is due to adsorbed sodium 
hydroxide. 
Procedure: Beaker dyeings were made on four skeins 
of No. 36/2 mercerized cotton yarn using 10% Calcogene 
Black 5GCF (#354-357 0 inclusive), After dyeing, #356 and 
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#357 were worked for ten minutes in a cold, 20-1 bath of 
one per cent acetic acid, neutralized with dilute ammonium 
hydroxide, rinsed, and dried. #346 and #347 are regular 
ten per cent dyeings of Calcogene Black 5GCF on No. 20/s 
cotton yarn (unmercerized). #358 and #359 are blanks of 
white yarn treated with sodium sulfide and sodium car-
bonate as the dyed yarn. 
Results: j Tendering 
#346. Unmercerized yarn 	00 	6,0 	•0 as 00 00 	356 3 
#347. Unmercerized yarn .0 60 00 00 .. .6 3409 
#354. Mercerized yarn 	.. 	00- 	00 00 .. 0* 6.0 
#355, Mercerized yarn 00 	0* 	.. 00 .. 0* 5.0 
#356. As #354, aftertreated with acid 00 •• 8.3 
#357. As #355 0 aftertreated with acid 00 61 11 6 1 
#358. Blank 	00 	.0 	00 	.0 	•6 	0. 0. •• 6. 3.6 
#359. Blank •• •• • • • • • . 0• • • •• 00 1.4 
Conclusions: The reduced tendering does not seem 
to be due to adsorbed sodium hydroxide all together. There 
may be some adsorbed sodium hydroxide as shown by the 
slight rise in the amount of tendering. 
Experiment XLIX  
Purpose: It has been shown in Experiment XLI that 
the pretreatment of sulfur black dye with sodium hydroxide 
reduces tendering. It has also been shown in Experiment 
XLVI that this reduced tendering is not due to adsorbed 
sodium hydroxide, therefore there must be a reaction be-
tween the dyestuff and sodium hydroxide. If the reduced 
tendering found in dye pretreated with sodium hydroxide 
is due to a sodium atom being added to the dye, it should 
be possible to replace this sodium atom with an acetyl 
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group using acetyl chloride. 
Procedure: Ten grams of Calcogene Black were boiled 
for twenty minutes with 200 ml. of sodium hydroxide solu-
tion (pH equals 11.45). The solution was filtered and the 
residue dried in an Abderhalden drying apparatus under a 
reduced pressure using phosphorus pentaoxide. The dye was 
placed in a beaker and acetyl chloride poured on it. A 
vigorous reaction took place. When the reaction was com-
plete, the solution was filtered, residue washed well with 
water, and dried in a desicator. Two skeins of No. 20/s 
cotton yarn were dyed with the resulting dyestuff using 
ten per cent dye on the weight of the yarn (#362 and #363)0 
#360 and #361 are regular ten per cent dyeings of Calcogene 
Black 5GCF. #364 and #365 are blanks. 
Results: 	 Tenderin.E 
#360. Untreated dye 	 .* 0. 'd Op 	8,6 
#361. Untreated dye .. .. 	0* .. 0. 	8.0 
#362. Pretreated dye 
	
_ *. 	0• .0 	.0 	** 0. 	305 
#363. Pretreated dye 0. 0• 0• .0 	 .0 5 0 3 
#364. Blank .• 	•• 	•0 •* 	0. 5. .. 	0. 	0,0 
#365 • Blank •• •• •• 	•• •• 	0• 	•• •• •* 	000 
Conclusions: Something went wrong during this exper-
iment, because the untreated dyeings only tendered 8.6% and 
8.0%, whereas a two hour bake at 130 °C. usually causes about 
30% tendering. This experiment will be repeated. 
Experiment E 
Purpose: To repeat Experiment XLIX. 
Procedure: The procedure was the same as that used 
in Experiment XLIX. 
Results: 
#366. Untreated dye .. 
#367. Untreated dye 
#368. Pretreated dye .. 




% Tendering  
0 • 
	• • 	 .. 	16.4 
• • 	•• • • • • 	0 • 	., 20.3 
• • • • 	tw it 	• • .• • . 	5.3 
• • 	• • O f 	S. 	• • 	•• 3.6 
• • • • • • • • 0.0 
* 10 	f ir 
	• • 	•• 0.0 
Conclusions: Dye pretreated with sodium hydroxide 
and acetyl chloride does not seem to tender to the extent 
of untreated dye. The dye treated as above lost about ten 
per cent of its color value. 
Experiment LI  
Purpose: To determine the effect of aeration on 
sulfur black dye that has been pretreated with sodium hydr-
oxide. 
Procedure: Ten grams of Calcogene Black 5GCF were 
boiled for twenty minutes in 200 ml. of sodium hydroxide 
solution (pH equals 11.45). The solution was filtered and 
the residue dried without heat in an Abderhalden dryer 
under reduced pressure using phosphorus pentaoxide. The 
exact amount of dye needed to make ten per cent dyeings 
on #376 and #377 was weighed into a flask and 150 ml. of 
water added. Air was pulled through the mixture for 8 
hours at 60° C. The mixture was then reduced with sodium 
sulfide and skeins #376 and #377 dyed in the regular manner. 
#374 and #375 are ten per cent dyeings of pretreated dye 
without aeration. #372 and #373 are regular ten per cent 
dyeings of untreated Calcogene Black 5GCF. 
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Results: 

















dye 	 • • 
dye .0 	.. 	00 	so 	se 	0 • 
dye without aeration •0 
dye without aeration •• 
Aye-aerated .. *6 a• O • 
dye-aerated .. 	0. •• 
SO 	OS 	So 	SO 	OS 	0* 
	f t 











Conclusions: Aeration seems to have no effect upon 
the tendering of dye pretreated with sodium hydroxide. 
Experiment LIZ  
Purpose_: In the pretreatment of sulfur black dye 
with an aqueous solution of sodium hydroxide, it is very 
difficult to filter the solution and dry the resulting 
residue. In this experiment, Calcogene Black 5GCF was 
pretreated with sodium hydroxide using acetone and ethyl 
alcohol as a solvent instead of water to see if time could 
be saved in the filtering and drying operations. 
Procedure: Ten grams of Calcogene Black 5GCF were 
boiled for twenty minutes in 200 ml. of acetone containing 
0.12 g. of sodium hydroxide per liter. The solution was 
filtered and the residue dried in a desicator. Ten per 
cent dyeings of the resulting dyestuff were made on skeins 
#380 and #381 using No. 20/s cotton yarn. In a like manner, 
ten grams of Calcogene Black 5GCF were pretreated with 
200 ml. of ethyl alcohol containing 0.12 g. of sodium 
hydroxide per liter. Ten per cent dyeings were made on 
skeins-#382 and #383 using the resulting mixture. #372 
and #373 are regular ten per cent dyeings of untreated 
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Calcogene Black 5GCF. #378 and #379 are blanks of white 
yarn treated with sodium sulfide and sodium carbonate. 
Results: Tendering 
#372. Untreated dye .. 	.. 00 	00 	.. 0* 00 11,9 
#373. Untreated dye G . 00 00 	.. 	00 .. .. 12,3 
#380. Pretreated dye using acetone ., .. 8.2 
#381, Pretreated dye using acetone 	0* ,. 00 12.8 
#382, Pretreated dye using ethyl alcohol „ „ 4,2 
#3830 Pretreated dye using ethyl alcohol 0 0 ** 5,1 
#378, Blank 	.. 	00 Olt 	.. 00 	00 	00, 00 00 0.0 
#379. Blank 0* 00 00 	00 IDS 	00 	410 00 .. 0,0 
Conclusions: (1) The pretreatment of sulfur black 
dye with sodium hydroxide dissolved in acetone does not 
reduce tendering. 
(2) The pretreatment of sulfur black dye with 
sodium hydroxide dissolved in ethyl alcohol seems to give 
very good results. Much time was saved on the filtering 
and drying operations. 
Experiment LIU  
Purpose: If it is assumed that the sodium hydroxide 
reacts with sulfuryl groups in the dye, the resulting dye-
stuff should react with benzene sulfonyl chloride. The 
resulting product should be more permanently stabilized if 
the unstability is caused by sulfuryl groups in the dye. 
Procedure: Ten grams of Calcogene Black 5GCF were 
boiled for twenty minutes in 200 ml. of ethyl alcohol con-
taining 0.12 g. per liter of sodium hydroxide. The solution 
was filtered and the residue dried in a desicator. The dye 
was then placed in a beaker and covered with benzene sul-
fonyl chloride. As no reaction appeared to be taking place, 
•• .• •„ 
•• •• • 0 
•• •• •• 
•• • 0 • 0 
•. 	5.2 
0• 4 0 7 
•• 	0.0 
.• 000 
the solution was heated slightly, then filtered. The 
residue was washed and dried. Ten per cent dyeings were 
made of the resulting dyestuff on #386 and #387. The 
dyeings were about thirty per cent light. #384 and #385 
are regular ten per cent dyeings of Calcogene Black 5GCF. 
#388 and #389 are blanks of white yarn treated with sodium 
carbonate and sodium sulfide as the dyed yarn. 
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Results: 
#384• Untreated dye _ 
#385. Untreated dye .. 
#386. Pretreated dye . 4, 
#387, Pretreated dye .• 
#388. Blank •. •• •0 
#389. Blank  
LanqEIns 
• • 	.. 	•• 	•• 	•0 	•• 	10.0 
•• •0 *0 •• •• 00 8.4 
•• 	•• 
•• 00 
•• 	0 • 
0• 	•• 
Conclusions: Too much color value was lost in pre-
treating the dye for this treatment to be of any practical 
value. 
Experiment LIV 
Purpose: (1) Pretreat Calcogene Black 5GCF with 
sodium hydroxide as in the previous cases and then add to 
the solution a small amount of sodium hypochlorite, suf-
ficient to oxidize any colloidal sulfur or sulfuryl groups 
that may be responsible for the tendering. Dye with the 
solution and compare with skeins dyed with sodium hydroxide 
pretreated dye. 
(2) Repeat the above using, instead of sodium hypo-
chlorite, hydrogen peroxide. 
Procedure: Ten grams of Calcogene Black 5GCF were 
boiled for twenty minutes in 200 ml• of sodium hydroxide 
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solution (pH equals 11.45). The solution was filtered 
and the residue dried in an Abderhalden dryer under re-
duced pressure. A part of this dye was used in making 
ten per cent dyeings on skeins #392 and #393 using No. 20/s 
cotton yarn. The remainder of the dye was treated for 
one hour with 100 ml. of a cold sodium hypochlorite sol-
ution containing 0.25 g. available chloring per liter. 
After an hour, the excess chlorine was destroyed with 
sodium thiosulfate and ten per cent dyeings were made of 
the resulting dye on skeins #394 and #395. Dyeings #396 
and #397 were made of dye pretreated in a like manner, 
except the sodium hypochlorite was replaced by 100 ml. of 
hydrogen peroxide solution containing 10 ml. of 100 volume 















of Calcogene Black 5GCF. 
., 	,. 	., 
,. .. .. 	.. 	0. 
0. 	,. ,. 00 
plus sodium hypochlorite 
plus sodium hypochlorite 
plus hydrogen peroxide 
plus hydrogen peroxide 




























Conclusions: (1) In treating with sodium hypo-
chlorite, the dye lost so much of its color value that the 
above results mean very little. 
(2) The skeins treated with peroxide lost about 
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ten per cent of their color value and the shade was much 
redder. Tendering was increased a little, but it is still 
less than that of untreated skeins. 
Experiment LV  
Purpose: The presence of metallic salts accelerates 
the tendering of sulfur black. The purpose of this ex-
periment is to see if an aftertreatment with sodium hydroxide 
will prevent tendering of sulfur black dyed cotton in the 
presence of metallic salts. 
Procedure: Beaker dyeings were made on eight 
skeins of No. 20/s cotton yarn using 10% Calcogene Black 
5GCF (#400,-407, inclusive). #402, #403, #406, and #407 
were aftertreated with sodium hydroxide solution (pH equals 
11.45) for twenty minutes in a 40-1 bath and dried with-
out rinsing. Skeins #404, #405, #406 0 and #407 were then 
worked in a one per cent solution of magnesium chloride 
for five minutes at room temperature and dried without 




#400. No aftertreatment 	.8 	0. 0. 15.2 
#401, No aftertreatment Q . 00 	0. .0 15,5 
#402. Aftertreated with NaOH 0. 0. 000 
#403 0 Aftertreated with NaOH 00 	0. 0. o. 1.0 
#404. No aftertreatment, worked in MgC12 00 00 12,2 
#405 0 No aftertreatment, worked in MgC12 .0 13,7 
#406 0  Aftertreated, worked in MgC12 	.0 00 11.0 
#407 0  Aftertreated, worked in MgCl 2 „ „ 17 0 2 
#408, Blank 	.. 	.. 	.. 	0. 	•. 	00 •0 o• 5,1 
#409 0 Blank .0 	0• 0. 0. 00 .. 0. o. 0• 000 
Conclusions: The aftertreatment of the dyed samples 
did not prevent tendering where worked in Magnesium Chloride. 
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Magnesium chloride, however, did not appear to increase 
the tendering of the samples not aftertreated. 
Experiment LVI  
Purpose: To see if the pretreatment of sulfur 
black dye with sodium hydroxide will prevent the tendering 
of dyed cotton in the presence of metallic salts. 
Procedure: Ten grams of Calcogene Black 5GCF were 
boiled for twenty minutes in 200 ml. of sodium hydroxide 
(pH equals 11.45). The solution was filtered and the 
residue dried in an Abderhalden dryer under reduced pres-
sure. Ten per cent dyeings of the resulting dyestuff 
were made on #412, #413, #416, and #417. Skeins #410, 
#411, #414 and #415 were dyed with 10 per cent Calcogene 
Black 5GCF in the regular manner. After dyeing, #414, #415, 
#416 0 and #417 were worked in a cold one per cent solution 
of copper sulfate for five minutes, squeezed out, and dried 
without rinsing. #418 and #419 are blanks of white yarn 
treated with sodium sulfide and sodium carbonate. 
Results: 	 $ Tendering 
#410. Untreated dye .. ,. 0. 0. 0. 00 00 19.2 
#411. Untreated dye .. .. 0* ** *0 .. 0. 17.1 
#412, Pretreated dye 0* 00 0* .. .. .. 0• 	6.9 
#413, Pretreated dye 00 0. 0* 0. 00 .. .. 	4.7 
#414. No pretreatment, worked in CuSO4 	.. Q. 90.0 
#415. No pretreatment, worked in CuSO4 .. .. 90.0 
#416. Dye pretreated, worked in CuSO4 	 .. 0* 90.0 
#417. Dye pretreated, worked in CuSO4 .. 0. 90.0 
#418. Blank 0. .. .. *0 .. .. .. 0* .. 	1.7 
#419, Blank 4, .. .. .. .. .. 0• .. .• 0 • 0 
Conclusions: Pretreatment of sulfur black dye with 
sodium hydroxide does not appear to reduce the tendering in 
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the presence of copper sulfate. 
Experiment LVII  
Purpose: This experiment is repeating the effort 
to cover up any sulfuryl groups present in the dye with 
acetyl groups and to determine what effect this has upon 
tendering. 
Procedure: Ten grams of Calcogene Black 5GCF were 
boiled for twenty minutes with 200 ml. of sodium hydroxide 
solution (pH equals 11.45). The solution was filtered and 
the residue dried in an Abderhalden dryer under reduced 
pressure. The dye was then placed in a beaker and an ex-
cess of acetyl chloride poured on it. A vigorous reaction 
took place. When the reaction was complete, the solution 
was filtered. The residue was first washed with water, 
then dilute ammonium hydroxide, and dried. Two skeins of 
No. 20/s cotton yarn, #422 and #423,were dyed with the 
resulting dyestuff using ten per cent dye on the weight of 
the yarn. Skeins #420 and #421 were dyed with ten per cent 
Calcogene Black 5GCF in the regular manner. #424 and #425 
are blanks of white yarn treated like the dyed samples. 
Results: Tendering 
#420. Untreated dye .. .. *. 0. .0 *. 0. 9,2 
#421. Untreated dye 0. .. .. 0. .. .. 0* 8.9 
#422. Pretreated dye .. 0. Of .. iff Of .. 2.0 
#423, Pretreated dye „ .. •• •0 00 .. ** 2.1 
#424. Blank 	00 	00 00 0* 00 00 .. 00 Olik 0.0 
#425. Blank 0. ,. ,.. *. *. 0. .. *. 0. 0.0 
Conclusions: Acetyl chloride pretreatment appears 
to reduce tendering in the dyed sample. 
68 
Experiment LVIII  
Purpose: To study the effect upon tendering of 
cotton dyed with sulfur black which has been di solved in 
c.p. sodium sulfide and then precipitated by bubbling air 
through the solution. 
Procedure: Ten grans of Calcogene Black 5GCF were 
carried into solution with ten grams of (-.1). sodium sulfide 
and 500 ml. of water. Air was bubbled through this solution 
for several days at room temperature. The dye was then 
filtered and dried. Ten per cent dyeings were made of 
this dye on #428 and #429. The remaining dye was treated . 
with an excess of acetyl chloride at room temperature for 
20 minutes, then filtered and dried. #430 and #431 are ten 
per cent dyeings of this dye. Skeins #426 and #427 are 
regular ten per cent dyeings of Calcogene Black 5GCF. #432 
and #433 are blanks of white yarn treated with sodium sul-
fide and sodium carbonate as the dyed yarn. 
Results: Tendering 
#426 0 Untreated dye 0. 	50 00 0* 00 0* 	0• 20. ✓ 
#4270 Untreated dye Of 	00 00 01! 00 00 	00 17.2 
#428. Dye ppt. with air .0 0. 00 0. 00 	00 3.5 
#429. Dye ppt. with air 0. 00 .0 0. 4.8 
#430. Same as #428, treated with acetyl chloride 4.0 
#431. Same as #429, treated with acetyl chloride 6 0 1 
#432 0 Blank 	.. 	0. .0 	.0 0. 0. 0. 	0. 3.8 
#433. Blank Os 	1st Os 	O. Os 00 00 00 	00 000 
Conclusions: Tendering is reduced by disolving the 
dye in c.p, sodium sulfide and precipitating with air. It 
is impossible to conclude whether acetyl chloride has any 
effect or not from these experiments. 
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Experiment LIX  
Purpose: To study the effect upon tendering of 
cotton dyed with sulfur black which has been acidified 
to remove all sodium sulfide left in the dye by the manu-
facturers and then treated with sodium hydroxide plus 
benzene sulfonyl chloride. 
Procedure: Ten grams of Calcogene Black 5GCF were 
acidified with dilute hydrochloric acid, thus removing all 
sodium sulfide left in the dye by the manufacturers. The 
solution was then filtered, the residue washed with dilute 
ammonium hydroxide, and dried. Ten per cent dyeings of 
the resulting dyestuff were made on skeins #436 and #437. 
The remainder of the dye was boiled for twenty minutes 
in 200 ml. of a sodium hydroxide-ethyl alcohol solution 
(0.005 N.). The solution was then filtered and the residue 
dried. The residue was then treated with an excess of 
benzene sulfonyl chloride for 15 minutes just below the boil. 
The solution was then filtered, the residue washed well 
with water, and dried. Ten per cent dyeings were made of 
the resulting dyestuff on #438 and #439. #434 and #435 
are regular ten per cent dyeings of Calcogene Black 5GCF. 
#440 and #441 are blanks of white yarn treated with sodium 
sulfide and sodium carbonate as the dyed yarn. 
Results: 	 % Tendering  
#434. Untreated dye 	.. .. 0* .. .. 00 19.2 
#435, Untreated dye 0. s. 	** 13,1 
#436, Dye acidified .. ** 0* 00 00 *0 0* 15.8 
#437. Dye acidified .. .. .. .. 00 00 00 18.9 
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#438, As #436 plus benzene sulfonyl chloride 11.1 
#439. As #437 plus benzene sulfonyl chloride 6.4 
#440, Blank 	 *0 	,. 	.. 	,. 	'0. 0.0 
#441 0 Blank 0. 	00 0. 0. 	.0 0.0 
Conclusions: The removal of sodium sulfide left 
in the dye has no effect upon the tendering. Treatment 
with benzene sulfonyl chloride seems to reduce tendering 
slightly. 
Experiment LX  
Purpose: To study the effect upon tendering of 
cotton dyed with sulfur black which has been acidified 
to remove all sodium sulfide and then treated with sodium 
hydroxide plus acetyl chloride. 
Procedure: Ten grams of Calcogene Black 5GCF were 
acidified with dilute hydrochloric acid, thus removing all 
sodium sulfide left in the dye by the manufacturers. The 
solution was then filtered, the residue washed with dilute 
ammonium hydroxide, and dried. The residue was boiled for 
twenty minutes in 200 ml. of a sodium hydroxide-ethyl 
alcohol solution (0.005 N.). The solution was filtered 
and residue dried. Ten per cent dyeings were made of the 
resulting dyestuff on #444 and #445. The remaining dye 
was treated with an excess of acetyl chloride at room 
temperature for 15 minutes. The solution was filtered, the 
residue washed with dilute ammonium hydroxide, and dried. 
Ten per cent dyeings of the resulting dyestuff on #446 and 
#447, #442 and #443 are regular ten per cent dyeings of 
71 
Calcogene Black 5GCF. #448 and #449 are blanks of white 
yarn treated with sodium sulfide and sodium carbonate as 
the dyed yarn. 
Results: 	 $ Tendering  
#442 0 Untreated dye . o G . oo .0 00 0* 04 14.3 
#443. Untreated dye .. o. ... .. .. .. .. 15.3 
#444. Pretreated with NaOH 	.0 •• 44 4* 40 	3,5 
#445. Pretreated with NaOH .0 .. .. 04 .. 	101 
#446. As #444 plus acetyl chloride 	.. 00 00 9.0 
#447. As #445 plus acetyl chloride .0 .. 0* 	14.8 
#448. Blank o. 04 00 ♦ • 04 O. 04 00 00 	000 
#449. Blank .. .0 0* 00 0* •0 .. 40 	00 	0.0 
Conclusions: Treatment with sodium hydroxide re-
duces tendering. Further treatment with acetyl chloride 
seems to have a harmful effect. 
Experiment LXI  
Purpose: To recheck the results obtained in Ex- 
periment LVIII in which sulfur black dye was disolved in 
c.p. sodium sulfide and then precipitated by bubbling air 
through the solution. 
Procedure: Ten grams of Calcogene Black 5GCF were 
carried into solution with ten grams of c. p. sodium sulfide 
and 500 ml. of water. Air was bubbled through this solu-
tion for several days at room temperature. The dye was 
then filtered and dried. Ten per cent dyeings were made 
with this dye on #452 and #453 using No. 20/s cotton yarn. 
#450 and #451 are regular ten per cent dyeings of untreated 
Calcogene Black 5GCF. #454 and #455 are blanks of white 
yarn treated with sodium sulfide and sodium carbonate as 
the dyed yarn. 
Results:  
#450, Untreated dye 0. 	.0 
#451. Untreated dye 	„ 
#452. Dye precipitated with air 
#453. Dye precipitated with air 
#454. Blank .0 00 00 0. 0. 
















Conclusions: This confirms the results found in 
Experiment LVIII. Tendering is reduced by dyeing the skeins 
with sulfur black that has been reduced by disolving the 
dye in c.p. sodium sulfide and precipitating the dye with 
air. 
Experiment LXII  
Purpose: To study the effect upon the tendering 
of cotton dyed with sulfur black dye which has been dis-
solved in c.p. sodium sulfide and then precipitated with 
pure oxygen under pressure. 
Procedure: Ten grams of Calcogene Black 5GCF were 
precipitated with hydrochloric acid (1:1) to remove all 
sodium sulfide in the dyestuff. The dye was filtered and 
neutralized with dilute ammonium hydroxide, The dye was 
then disolved with ten grams of c.p. sodium sulfide in 
500 ml. of water at a boil for three minutes. The solu-
tion was cooled and put in a bottle. Oxygen was passed 
into the bottle for one hour under five pounds per square 
inch pressure. The solution was then filtered, the res- 
idue washed with water, and dried in an Abderhalden dryer 
under reduced pressure. Ten per cent dyeings were 
made of the resulting dyestuff on #458 and #459 using 
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No. 20/s cotton yarn. The dyeings were about fifteen per 
cent light but on shade. #456 and #457 are regular ten 
per cent dyeings of untreated Calcogene Black 5GCF. #460 
and #461 are blanks of white yarn treated with sodium sul-
fide and sodium carbonate as the dyed yarn. 
Results: 	 % Tendering  
#456. Untreated dye „ .. .. .. .• •• ., 24.7 
#457, Untreated dye .. .0 .. .. .. .. „ 22.1 
#458. Dye precipitated with oxygen 	.. ., .. 	0.0 
#459. Dye precipitated with oxygen .0 .. .. .0.0 
#460. Blank 0. 	0. 	•. .. .0 	0. 	.. .. 	.. 	0.0 
#461. Blank .. 0 . 0. 	ff 	Of 	.. 	410 	00 	Of 	0.0 
Conclusions: Tendering is reduced by disolving 
sulfur black dye in c.p. sodium sulfide and precipitating 
with oxygen under pressure. 
Experiment LXIII  
Purpose: To see if the good results obtained in 
Experiment LXII were due to adsorbed alkalinity. 
Procedure; Ten grams of Calcogene Black 5GCF were 
precipitated with hydrochloric acid (1:1) to remove all 
sodium sulfide in the dyestuff. The dye was filtered and 
neutralized with dilute ammonium hydroxide. The dye was 
then disolved with ten grams of c.p. sodium sulfide in 
500 ml. of water at a boil for three minutes. The solu-
tion was cooled and put in a bottle. Oxygen was passed 
into the bottle for one hour under five pounds per square 
inch pressure. The solution was then filtered, the 
residue washed with water, and dried in an Abderhalden 















made on #464 and #465 using the resulting dye. After 
dyeing the skeins were treated in a 40-1 bath of one 
per cent acetic acid for five minutes, neutralized with 
dilute ammonium hydroxide, washed, and dried. #462 and 
#463 are regular ten per cent dyeings of untreated Cal-
cogene Black 5GCF, but after dyeing, the skeins were 
treated for five minutes in a 40-1 bath of one per cent 
acetic acid, neutralized with dilute ammonium hydroxide 
washed, and dried, #466 and #467 are blanks of white 
yarn treated with sodium sulfide and sodium carbonate as 
the dyed yarn. After drying, the blanks were treated for 
five minutes in a 40-1 bath of one per cent acetic acid, 









Untreated dye, acidified 
Untreated dye, acidified .. „ 
Dye ppt. with oxygen, acidified 
Dye ppt. with oxygen, acidified 
Blank, acidified 
Blank, acidified 
• 0 • 0 
00 
	
• 0 	O f 	00 
00 	O0 	o • • It 
Conclusions:  The good results obtained by this 
treatment is not due to adsorbed alkalinity. 
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V SUMMARY AND CONCLUSIONS 
1, Zanker's method of producing tendering by baking 
the dyed yarn for two hours at 140 °C, and then allowing 
the yarn to condition in the atmosphere gives fairly con- 
sistent results. The use of a good oven that will not only 
hold a constant temperature, but also one that will heat 
evenly throughout the oven is imperative for consistent 
results. Either skein breaks or single strand breaks can 
be used with good results. Skein breaks were not used in 
this investigation because of the time saved by using single 
strand breaks. The average of at least ten skein breaks or 
forty single strand breaks should be used to get the best 
results. 
2. Zanker's method leaves much to be desired as far 
as the measuring of tendering is concerned, It is believed 
that a much more accurate and rapid method could be worked 
out. 
5, Varying the components of the dyebath or the length 
of time of reduction of the dye appears to have no effect 
upon tendering. 
4, Controlled alkalinity seems to be the answer in all 
cases where good results were obtained in the aftertreatment 
of sulfur black dyed cotton. 
5, The pretreatment of sulfur black dye with dilute 
sodium hydroxide causes a loss in color value of about 
fifteen per cent, but reduces tendering to almost zero. 
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The shade of the dye is effected slightly to the red side. 
The use of acetyl chloride with sodium hydroxide gives 
good results as a pretreatment, but it is questionable 
as to whether this treatment is any better than the use 
of sodium hydroxide alone. The use of benzene sulfonyl 
chloride with sodium hydroxide is not practical as too 
much color value is lost. 
6. The pretreatment of sulfur black dye by dissolving 
the dye with c.p. sodium sulfide and precipitating with 
either air or oxygen gives very good results. There is 
little loss in color value and the shade is not effected. 
7. Mercerized cotton yarn when dyed with sulfur 
black does not appear to tender very much. Pretreatment of 
the yarn by boiling with very dilute sodium hydroxide seems 
to reduce the tendering in unmercerized yarn. 
8. The aftertreatment of sulfur black dyed cotton 
yarn with a very dilute solution of such alkaline materials 
as sodium hydroxide, calcium hydroxide, tetrasodium pyro-
phosphate, monoethanolamine, and triethanolamine reduces 
tendering to a minimum. There is no loss in color value 
and the shade is not effected. 
9ti 	cheapest and most practical aftertreatment 
found was to boil the dyed yarn for twenty minutes in a 
40-1 bath of so ium hydroxide (ph equals 11.45), rinse, 
and -ry. This aftertreatment is very efficient in the 
prevention of tendering and is permanent to washing. 
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10, Aftertreatment with meta tolulene diamine reduces 
tendering but this is more expensive and less efficient than 
the sodium hydroxide aftertreatment. 
11. Beta naphthol may be used as an aftertreatinq 
agent but as sodium hydroxide must be used to dissolve the 
beta naphthol, it is questionable as to whether the beta 
naphthol has any effect upon tendering. 
12. The use of aero catamine, Yelkin C, triethanol-
amine oleate, triethanolamine ricinoleate, triethanolamine 
stearate, triethanolamine linoleate, sodium sulfite, and 
sodium silicate as aftertreating agents is not recommended. 
13. From a practical viewpoint, the problem of ten-
dering has been solved by a pretreatment or aftertreatment 
with a sodium hydroxide solution (pH equals 11.45). 
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